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ADVERTISEMENT TO THE TENTH EDITION. 



The successive Editions of Dr. Jones Quain's ^' Elements of Anatomy ** 
were, up to the Fourth inclusive, published under the superintendence of 
the original author. At his death the duty of editing the Fifth Edition, 
which was published in 1845, was undertaken by Mr. Richard Quain, then 
Professor of Anatomy, and by Dr. William Sharpey, who occupied the chair 
of General Anatomy and Physiology in University College. On that 
occasion extensive changes were made throughout the work, and a great 
part was rewritten. This applies especially to the General and Visceral 
Anatomy, edited by Sharpey, in which that distinguished Anatomist and 
Histologist published many valuable original observations. Indeed from 
this time for 35 years the influence of Sharpey was conspicuous throughout 
this part of the work, which was frequently referred to as " Quain and 
Sharpey's Anatomy." 

In the Sixth Edition the place of Mr. Richard Quain was taken by 
Mr. G. y. Ellis, his successor in the chair of Anatomy in University College; 
Shai'pey editing as before the General Anatomy and the Descriptive 
Anatomy of the Viscera. 

In the Seventh Edition, which was published in 1867, while the General 
Anatomy continued to be edited by Sharpey, the whole of the Descriptive 
and Visceral Anatomy was taken in hand by Dr. Allen Thomson, Professor 
of Anatomy in the University of Glasgow, and by Dr. John Cleland, then 
Professor in Galway, now the successor of Allen Thomson in Glasgow. 
This portion of the work was in great measure recast by Cleland, and many 
new figures from the facile pencil of Allen Thomson were added. 

The changes in the Eighth Edition, which was published in 1876, and 
was the first appearing under the auspices of the present publishers, were 
still greater. On this occasion most of the Descriptive Anatomy was under- 
taken by Dr. Allen Thomson, who also contributed a chapter on Embryology, 
while the account of the Brain and Spinal Cord was placed under the editor- 
ship of Dr. W. R. Gowers. The section on General Anatomy and the 
chapters on the Thoracic, Abdominal and Pelvic Organs, and the Organs of 
the Senses, were again edited by Sharpey, with the assistance of one of the 
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iv ADVERTISEMENT TO THE TEIJTH EDITION. 

present Editors (Professor Schafer), much of this part of the work being 
re-written and many new illustrations introduced. 

In 1882 the Ninth Edition was published under the editorship of 
Dr. Allen Thomson, Mr. E. A. Schafer, then Assistant Professor of Physiology 
in University College, and Mr. G. D. Thane, the successor of Ellis in the 
chair of Anatomy. Dr. Allen Thomson undertook the revision of the 
chapter on Embryology. Professor Thane re-edited the Descriptive Anatomy; 
while the General Histology and the Special and Minute Anatomy of the 
Viscera, including the Brain and Spinal Cord, fell to Professor Schafer. 

The preparation of the present Edition was commenced in 1890 by 
Professors Schafer and Thane. It was . decided to entirely remodel the 
work, to increase the size pf the page and the number of ill^stratio^8,. and 
to publish the several parts Separately as they might be got ready for press : 
each part being thus a special treatise on the particular subject denoted by 
its title, and the whole being intended to form collectively a complete text- 
book and work of reference in Anatomy! With this end in view a copioUjs 
Bibliography has been provided for each subject, and the illustratiops hav^, 
been greatly multiplied. Many have been re-drawn upop a larger ,6C^^ to 
suit the page, and many original figures have been added, othei^ illi^st^f^tipns 
having been copied from various monographs .and staiidard works. Little 
of the original book now remains beyond the title,.greater alterations having 
been made in this than in any previous Edition since. 1 845. 

The first parts to appear (1890) were those on Embryology (Professor 
Schafer), and Osteology (Professor -Thane). In 1891 the General Anatomy 
or Histology (Professor Schafer) ; and in 1892 the Arthrology, Myology and 
Angeiology (Professor Thane) were published. In 1893 the Brain and 
Spinal Cord made its appearance, and in the following year the Organs of the 
Senses, both the work of Professor Schafer. A part dealing with the Nerves, 
imdertaken by Professor Thane, was published this summer, and a final 
part, containing the Anatomy of the Digestive, Respiratory, Urinary and 
Generative Organs has now been added, thus completing the work. In 
this part the anatomical descriptions have been allotted to and in many 
cases entirely re-written by Dr. J. Symington, Professor of Anatomy in 
Queen's College, Belfast, while the histological portion of the Splanchnology 
has been re-edited by Professor Schafer, A chapter on Superficial Anatomy 
will appear in the form of an Appendix, under the joiut editorship of 
Professor Thane and Mr. R. J. Godlee, M.S., Professor of Clinical Surgery 
in University College. 

The publication in separate parts will, it is hoped, be found convenient 
to students and others using the work. The parts have bp^n ftrrangede so 
as to facilitate their being bpund up into volumes, although each pi^rt is 
complete with Table of Contelit^ and Index. Most of the laboui! pf 



ADVERTISEMENT TO THE TENTH EDITION. V 

preparing the Index, which also partakes of the nature of a Glossary, has 
fallen to Mr. T. W. P. Lawrence, M.B., F.R.C.S., Curator of the Museum 
in University College, who has devoted much time and attention to rendering 
this important addendum as complete as possible. 

The new illustrations in the first and third volumes have mostly been 
executed by Mr. J. T. Balcomb, who has taken a large amount of pains to 
meet the requirements of the Editors. The illustrations of the bones and 
other new figures in the second volume have been engraved by Mr. C. 
Butterworth, from drawings by Mr. Donald Gunn, Mr. T. W. P. Lawrence, 
and Professor Thane. 

The Editors are indebted to Mr. R. J. Smith for kindly looking through 
many of the proofs of the final part. 

December, 1895. 
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ORGANS OF DIGESTION. 

By E. a. SCHAFER and J. SYMINGTON. 
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The digestive apparatus consists of the alimentary canal, the teeth, and various 
glands, the secretions of which are discharged through dacts opening into the canal. 

The alimentary canal commences at the mouth and terminates at the anus. Its 
total length is, on an average, about thirty feet. 

The part situated in the head, neck, and thorax is comparatively straight, and 
measures from its commencement at the opening into the mouth to its termination 
in the stomach about 15 to 18 inches. The rest of the canal lies in the abdomen 
and pelvis. If this portion extended in a straight line from the oesophageal opening 
of the stomach to the anus, it would not exceed in length the part above the 
diaphragm ; but in consequence of its convoluted and tortuous course, it is nearly 
twenty times as long. 

The part of the alimentary winal which lies above the diaphragm consists of the 
tmuihj throat, and gullet ; while that contained in the abdomen and pelvis consists 
•of the sUnnach and the small and large intestines. Numerous small glands are 
situated in the wall of the alimentary canal, some in its mucous membrane, and 
others in its submucous tissue. The larger glands, the ducts of which open into the 
canal, are the salivary glands and the liver and pancreas. The ducts of the salivary 
glands open into the mouth, and t&ose of the liver and pancreas into the upper part 
of the small intestine. Below and behind the tongue the aUmentary canal is joined 
by the wind-pipe. Since the respiratory tract is developed much in the same way 
as a gland by an outgrowth from the ventral wall of the fore-gut and remains 
permanently connected with it, the alimentary canal and respiratory organs are often 
grouped together as the gaslro-pulmonary system. 

THE MOUTH. 

The cavity of the mouth opens anteriorly on the face by a transverse aperture 
called the rima oris, while posteriorly it communicates with the pharynx through the 
fauces (isthmus faitcium). This cavity is divided into two parts, an outer and an 
inner, by the alveolar arches and teeth (see fig. 1). The outer part {vestibulum 
oris) is bounded externally by the lips and cheeks, and internally by the teeth and 
gums, covering the outer aspect of the alveolar processes of the upper and lower 
jaws. The roof and floor of the vestibule are formed by the reflection of the 
mucous membrane of the lips and cheek inwards to the alveolar processes, which 
it joins about the level of the middle of the fangs of the teeth. The exten- 
sion of the vestibule upwards and downwards external to the gums may be called 
the superior and inferior alveolo-lubial sulci. Each of these sulci is interrupted in 
the middle by a small vertical fold of the mucous membrane called the froenum 
labii. The fold connecting the upper lip with the gum is larger than that of the 
lower lip. The vestibulum oris receives on each side the secretion of the parotid 
gland. The inner portion of the mouth (cavutn oris) lies within the concavity of 
the alveolar arches, and is bounded above by the palate, while in its floor is situated 
the tongue. It receives the secretions of the submaxillary and sublingual glands. 
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When the tceih of the npper uid lower jaws mre in contact, the Testibole of the 
moath commanicatei with the caritj of the month proper merely by the narrow 




Fig, 1. — COEOYAL SECTIOV OF XOCTH BKBUTD TBI 8EC05D XOLAft TKBTH. (J. S. ) Natunl sixe. 

1, nasal focM ; 2, maxillary antmm ; 3, camm oris ; 4, superior alTeolo-labial suleus ; 5, Testibolum 
oris ; 6, buccinator miucle ; 7, inferior alreolo-labial sulcus ; 8, sublingual gland ; 9, duct of Wharton ; 
10, superior lingualis muacle ; 11, inferior lingualis ; 12,- genio-gloasus ; 13, genio-hjoid ; 14, mylo- 
hyoid ; 15, anterior belly of digastric ; 16, platysma. 

clefts between the teeth and a somewhat larger opening placed behind the last molar 
tooth and in front of the ramns of the jaw. 





Fig. 2. — Thrki papilla from thi up, with thk blood-tssskls ikjectki>. (Toldt.) 

Fig. 3.— Part of a sxall mucous olakd of the mouth. (Klein.) 
a, alTeoli ; d, duct. 

The lips and cheeks are composed externally of skin, and internal) j of mucous 
membrane, between which are included muscles, vessels, and nerves fully described in 



THE TONGUE. 



other parts of this work, areolar tissue, fat, and numerous small glands. The free 
border of the lips is protected bj a dry mucous membrane, which becomes continuous 
with the skin, is covered with numerous minute vascular papillae (fig. 2), and is 
highly sensitive. In some of these papillae nerve end-bulbs, approaching in character 
to tactile corpuscles, are found. 

Numerous small racemose glands {labial glands) open on the inner surface of the 
lips near the oral aperture. They are situated between the mucous membrane and 
the orbicularis oris muscle. 

Other small glands (buccal glands) lie between the buccinator muscle and the 
mucous membrane of the cheek. Two or three, larger than the rest, found between 
the masseter and buccinator muscles, and opening by separate ducts near the last 
molar teeth, are called the molar glands. The secretion of these glands is under- 
stood to be mucus ; whether it has any of the specific properties of saliva is not 
known. Small sebaceous glands occur on the outer part of the red border of the lips. 

The posterior part of the cheek contains a pad of fat surrounded by a well-defined 
capsule (see Vol. II., Part 2, p. 298). 

Immediately within the lips and cheeks are the denial arches^ consisting of the 
teeth, gums, and alveolar borders of the maxillae. The gums (gingivce) are composed 
of dense connective tissue, cohering very closely with the periosteum of the alveolar 
processes, and covered by a red and highly vascular mucous membrane, which is 
smooth in its general surface, but is beset with fine papillae in the immediate 
vicinity of the teeth. 

The mucous membrane of the mouth is lined by scaly stratified epithelium, the 
cells of the deeper layers of which are united by intercellular bridges like those of 
the rete Malpighii of the epidermis. 

THE TONGUE. 
The toxigae is a muscular organ, situated in the floor of the mouth and in the 
anterior wall of the oral portion of the pharynx. It consists of a main portion or 




16 15 14 13 12 11 

Fig. 4. —Coronal section op thb lower part of the face at the isthmus of the fauces. (J. S.) | 

1, pharynx ; 2, levator palati ; 3, palato-glossus ; 4, glands of soft palate; 5, internal pterygoid; 
6, ramus of lower jaw ; 7, masseter ; 8, stylo-glossus ; 9, septum linguie ; 10, hyo-glossus ; 11, sub- 
maxillary gland ; 12, mylo-hyoid ; 13, digastric ; 14, genio-glossus ; 15, genio-hyoid ; 16, plntysituk 

bodi/y an anterior free extremity or tip, and a lower fixed part or root, which is 
attached to the lower jaw and hyoid bone. Its upper or dorsal surface, which is 

b2 
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covered in its entire extent by mucous membrane, is convex from before backwards, 
and from side to side, with a slight median depression. This surface is in relation 
with the hard and soft palate, the posterior wall of the pharynx, and the upper part 
of the anterior surface of the epiglottis (see fig. 18). The under surface is free 
and covered with mucous membrane in its anterior part only, the larger and 
posterior portion of this aspect not being free, but connected by various muscles 
Avith the lower jaw, hyoid bone, and styloid process. Here also enter its blood- 
Fig. 5. — View op the under surface of the 

ANTERIOR PART OF THE TONOUE AND OF THE 
SUBLINGUAL PORTION OF THE FLOOR OF THE 

MOUTH. (ModiEed from Testut.) (J. S.) 

On the left side part of the macous mem- 
hrane of the tongue has been removed, and also 
honie fibres of the inferior lingualis muscle, in 
onler to expose the ranino artery, the lingual 
nerve, and the glands of Blandin. 

1, glands of Blandin ; 2, lingual nerve ; 3, 
ranine artery ; 4, fraenum lingua ; 5, orifice 
of Wharton's duct ; 6, ranine vein, seen 
through the mucous membrane ; 7, mucous 
membrane covering sublingual gland. 

vessels and nerves. The tongue has a 
free rounded border at its anterior 
extremity or tip, and at the sides as far 
back as the last molar tooth, where the 
border gradually disappears. 

Mncous membrane. — On the 
under surface of the tongue the 
mucous membrane is smooth and thin, 
and in the middle line is raised into a 
prominent vertical fold, the frctnum 
lingiuB, In front of the frsenum the 
ranine vein can be distinctly seen on 
each side through the mucous mem- 
brane, and close to it lies the ranine 
artery. Further out a slight fold of 
the mucous membrane, plica fimbriatu, 
with its free edge notched (see fig. 6), 
from near the tip backwards and outwards. This fold is better marked in 
foetus and child than in the adult ; and, according to Gegenbaur, it is a vestige 

Fig. 6. — Under surface of the tongue of a new-borb 
CHILD. (From Gegenbaur. ) 

of the under-tongue of the lemurs. From the 
under surface of the tongue the mucous mem- 
brane is reflected towards the inner aspect of 
the lower jaW, forming the sublingual portion 
of the floor of the mouth. The deep groove 
between the tongue and the alveolar process 
of the jaw may be termed the alveoh4ingual 
sulcus. On each side of the lower and anterior 
part of the frsenum linguas there is a distinct papilla, at the apex of which is the 
orifice of the duct of the submaxillary gland (fig. 5. 5). From this point outwards 
and backwards for about an inch-and-a-half the mucous membrane is raised into a 
ridge by the sublingual gland. On this ridge are the openings of small ducts from 
the sublingual gland (fig. 5, 7). 
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THE TONGUE. 



The dorsal surface of the tongue, from its mode of development and the structure 
of its mucous membrane, presents a natural division into an anterior and a posterior 
portion. These two portions are frequently separated in the adult by a median 
recess, the foramen ctBcunty and a shallow groove (sulcus terminalis^ His) passing 
from this outwards and forwards on each side.* The anterior portion, forming about 
two-thirds of the upper or dorsal surface, has its mucous membrane thin, closely 
adherent to the muscular tissue below, and provided with numerous small eminences 
named papillae. These are also found upon the tip and borders, where, however, 
they gradually become smaller, and towards its under surface they disappear. The 
mucous membrane on the posterior third of the tongue diflfers considerably from that 
covering its anterior two-thirds. It is thicker, smoother, and less adherent, and in 




Fig. 7. — Pafillauy surface of thk tomgus, with the fauces and TOM8IL8. (From Sappey.) 

1, 2, circumvaUate papillae ; behind 2, the foramen csecum ; 3, fungiform papillse ; 4, filiform and 
conical papillae : 5, transverse and oblique ranges ; 6, mucous glands and lymphoid follicles at the baa* 
of the tongue and in the fauces ; 7, tonsils ; 8, tip of the epiglottis ; 9, median glosso-cpiglottic fold oi 
frsenum epiglottidis. 

place of papillae, is studded with numerous mucous glands and lymphoid follicles. 
The latter are often called the Ungual tonsils. Three folds of the mucous mem- 
brane, one median and two lateral, named the glosso-epiglottic folds, pass backward 
from the base of the tongue to the epiglottis. Between these folds are the two 
glosso-epujhttic fossoe or sinuses. Further forward the mucous membrane is joined 
on each side by the anterior palatine arch, behind which it is continuous with the 
mucous membrane covering the tonsils. Except in the neighbourhood of the 
circumvallate papillae the papillary surface of the tongue is devoid of glands, but 
they occur abundantly at the base, sides, and under surface of the organ, and are 
in structure similar to those which occur elsewhere in the mouth (fig. 3). 

The papillae found on the anterior two-thirds of the tongue are of three 
kinds, circumvallate, fungiform, and conical, varying both in size and form, but all 
of them visible to the naked eye ; they themselves, like the rest of the mucoua 

* For their developmental significance, see Vol. I., Part 1, Embryology, p. 102. 
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membrane of the toogue and mouth generally, are covered with closely set, micro- 
scopic secondary papillae hidden under the epithelium, which correspond with those 
of the skin, and are each occupied by a long loop of capillary blood-vessels. 
Lymphatics also originate within the papillae and pass as elsewhere in the mouth 
into a superficial plexus in the mucous membrane, from which again the lymph is 
conveyed away by valved vessels seated in the submucous tissue. 

The circnmvaJlafe papilla (fig. 7, 1, 2), from 7 to 12 in number, are found at 
the union of the middle and posterior thirds of the tongue, arranged in two lateral 

Fig. 8. — Vertical section of circumyallatk 

PAPILLA FROM THE CALF. (Engelmann.) 25 

diaroeten. 

A, the papilla ; B, the BurroandiDg wall. The 

figure showg the nerves of the papilla spreading 

towards the surface, and towards the taste-buds 

which are imbedded in the epithelium at the sides ; 

in the sulcus on the left the duct of a gland is seen to 

open. 

rows, which run obliquely backwards and 
inwards towards a median papilla, like the 
arms of the letter V. Not uufrequently there are two papillae in the middle line. 
They are situated in cup-like depressions of the mucous membrane, and have the 
shape of a truncated cone, of which the smaller end is attached to the bottom of the 
cavity, and the broad flattened base appears on the surface (fig. 8). They are, there- 
fore, surrounded by a circular trench (fossa), around which again is a slight annular 
elevation of the mucous membrane (vallum). In some of them there is found a 
central depression. The ducts of one or more serous glands open into the trench of 
each circumvallate papilla (fig. 8, d ; fig. 9, if). The stratified epithelium covering 
the papilla vallata is thick, and completely conceals the minute secondary papillae. 

Taste-buds are found forming a zone around the sides of these papillae, and in 
man and some animals upon the opposed wall of the vallum (fig. 9). Their struc- 

Fig. 9. — Section of circumvallate papilla, 
HUMAN. The figure includes one 

SIDE OF THE PAPILLA AND THE ADJOIN- 

iNo PART OF THE VALLUM. (Magnified 
150 diameters.) (Heitzmann.) 

Et epithelium ; G, taste-bud ; C, corium 
with injected blood-Tcssels ; 3f , gland with 
duct. 

ture is given in the part of this 
work dealini; with the sense organs 
(Vol. III., Part 3, pp. 148-151). 

The fungiform papillfe, more 
numerous than the last, are small 
rounded eminences scattered over 
the middle and fore part of the 
dorsum of the tongue (fig. 7, 3) ; 
but they are found in greater num- 
ber and closer together at the apex 
and near the borders. They are 

easily distinjiuished in the living tongue owing to their deep red colour. They are 

narrow at their points of attachment, but are gradually enlarged towards their free 

extremities, which are blunt and rounded {fig, 10). 

The conical papilhc are the most numerous of all, as well as the smallest. They 

are minute, conical, tapering, or cylindrical eminences, which are densely set over 
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the greater part of the dorsam of the tongne (fig. 7, 4)^ but towards the base 
gradaallj disappear. They are arranged in lines diverging from the raphe, at first 





Fig. 10. — Section of punoiform papilla, humait, with thk blood-tisskls ikjbctbd. (HeitxnuuiD.) 
£f epitheliam ; C, coriam ; Z, lymphoid tissae ; IT, moacular fibres of tongue. 

Fig. 11. — A FUXOiFORM papilla with tus blood-tbssbls iirjBCTKD. (After Todd and Bowman.) 
a, artery ; 17, vein ; e, capillary loops of simple papillaB in the neighbourhood, covered by the 
epithelium ; dy capilhury loops of the secondary papilla ; e, epithelium. 

in an oblique direction, like the two ranges of papillae vallaUe, but gradually becom- 
ing transverse towards the tip of the tongue. At the sides they are longer and more 
slender, and arranged in parallel rows, perpendicular to the border of the tongue. 




Pig. 12. — Section of two filiform pa- 
piLLJB, HUMAN. (Heitzmanu.) 
Ey epithelium ; O, corium ; L, lymphoid 
tissue ; if, muscular fibres of tongue. 

fig. 13. — ^two filiform papilljb, one with 
epithelium and with the blood- 
vr88kl8 injected, the other without. 
85 diameters. (After Todd and Bow- 
man.) 
p, the substance of the papillae divided at their upper extremities into secondary papillas ; a, artery, 

and Vy vein, connected by capillary loops ; e, epithelial covering, laminated between the papillae, but 

extended into hair-like processes, /, over the secondary papillse. 
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The secondary papillas which are borne by some of the conical papillae are 
peculiar both in containing a number of elastic fibres, giving them greater firmness, 
and in the character of their epithelial covering, which forms a separate homy 
process over each secondary papilla, greater in length than the papilla which it 
covers (figs. 12 and 13). Over some of the papillae these processes form a pencil of 
fine fibres, as shown in fig. 13 ; hence the name " filiform " which has been applied 
to these papillae. 

The papillary surface of the tongue is supplied abundantly with nerves, some 
of which terminate in end-bulbs, and a few in tactile corpuscles. In the fungiform 






Fig. 14. — TOKOUE OF RABBIT, SHOWIKO THE 8ITUATI0H OP 
THE PAPILLiE TOLIATJS, p. 

papillae the nerves are large and numerous; but 
they are still more abundant, and of greater size, 
in the circumvallate papillae, where they are chiefly 
distributed in the neighbourhood of the taste-buds 
^ (fig. B). 

The papillae, besides being the parts chiefly 
concerned in the special sense of taste, also possess, in a very acute degree, tactile 
sensibility ; and the conical and filiform papillae, armed with their denser epithelial 
covering, serve a mechanical purpose, in the action of the tongue upon the food, as 
is well illustrated by the more developed form which these papillae attain in many 
carnivorous animals. 

In some animals Ce.ff.j rabbit) there is present on each side of the tongue, about opposite 
the ends of the V formed by the line of papillae vallatse, an oval aggregation of transversely 

Fig. ir». — Vertical sectioit of 

PAPILLA rOLIATA OP THE 
RABBIT, PASSING ACROSS THE 

FOLIA. (Ranvier.) 

p, centra] lamina of the co- 
rinm ; v, section across a vein, 
which traverses the whole length 
of the folia ; p\ lateral lamina 
in which the nerve-fibres ran ; 
(/, taste-bud ; n, sections of nerve- 
bandies ; a, serous gland. 

placed ridgen or laminsQ with 
intervening farrows, which is 
termed the jHipilla foliata 
(fig. 14). The ridges are 
covered with a thick stratified 
epithelium, and in this epithe- 
lium at their sides are em- 
bedded numerous taste-buds 
(fig. 15). There is no definite 
papilla foliata in the human 
tongue, but in a situation 

similar to that in which the papilla foliata of animals occurs the mucous membrane often 

exhibits a number of low ridges, and is beset with taste-buds. 

Foramen c»cnm and thyro-glosaal dnct. — The foramen caecum is a median 
recess, variable in size and sometimes absent, which is situated just behind the 
median circumvallate papilla. According to His, it represents the apex of a V" 
shaped depression, which is formed by the development of the tongue from an 
anterior median process (tuberculum impar), and two lateral and posterior promi- 
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nences, which grow forwards at the sides of the tuberculam impar. According to 
the same authority, the foramen csecum indicates the position of the epithelial 
outgrowth from which the median portion of the thyroid gland has been formed. 
As the thyroid recedes from the tongue it becomes connected with the foramen 
C89cum by a long narrow tube — the thyro-ghasal duct. The upper part of this duct 
may persist as a canal (ductus Iwguaiia) leading irom the foramen cascum downward 
to the hyoid bone. Kanthack, on the other hand, holds that no intrinsic connec- 
tion exists between the development of the tongue and that of the thyroid body. 
He states that the foramen ccecum is often absent, and when present passes back- 
wards near the surface and never dips down towards the basi-hyoid. In none out of 
one hundred adults that he examined did he find any trace of a lingual duct, and 
out of sixty foetuses, varying in age from two and-a-half to eight months, he never 
observed the foramen caecum to extend downwards to the hyoid bone. 

Olaads. — The mucous membrane of the tongue is provided with numerous 
small glands {lingual glands), collected principally about the posterior part of its 
upper surface, near the papillae vallatae and foramen caecum, into which last the 
ducts of several open. These glands have usually been supposed to secrete mucus, 
but it has been ascertained that some of them, especially those which open in the 
trenches around the papillae vallatae, and at other parts where taste-buds occur, 
yield a serous secretion (Ebner). Other small glands arc found also beneath 
the mucous membrane of the borders of the tongue. There is, in particular, a 
group on the under surface of the tongue on each side near the apex called the 
glands of Blandin (see fig. 5). They are there aggregated into a small oblong mass, 
out of which several ducts proceed and open in a line on the mucous membrane. 
Most of the glands are acino-tubular. 

The mucous membrane of the tongue, at least its posterior part, is largely com- 
posed of retiform or lymphoid tissue, which is collected at numerous points into the 
denser nodular masses known as follicular glands, or lymphoid follicles. The 
blood-vessels and lymphatics of this part of the membrane are numerous and large, 
but the papillae on its surface are comparatively small, and are completely concealed 
by the thick superjacent epithelium. Here and there the mucous membrane ex- 
hibits recesses or crypts (fig. 16,/), either simple or surrounded by smaller ones 
which open into them. The walls of these recesses are generally studded with 
lymphoid nodules ; and they receive many of the ducts of the mucous glands. 

Mnseular substaAce. — The substance of the tongue is chiefly composed of 
muscular fibres running in various directions. Many belong to muscles which enter at 
its base and under surface, and attach it to other parts : these are called the extrinsic 
muscles of the tongue (hyo-glossus, chondro-glossus, genio-glossus, palato-glossus, 
stylo-glossus), and are elsewhere described. Others which constitute the intrinsic or 
proper muscles, and are placed entirely within the substance of the organ, will be 
here more particularly noticed. They are as follows : — 

The superflcial lingual miuicle consists mainly of longitudinal fibres, placed 
near the upper surface of the tongue, immediately beneath the mucous membrane, 
and is traceable from the apex of the organ backwards to the hyoid bone (fig. 17,10; 
fig. 10, I s). The individual fibres do not run the whole of this distance, but are 
attached at intervals to the submucous and glandular tissues. The entire layer 
becomes thinner towards the base of the tongue, near which it is overlapped at the 
sides by a thin plane of oblique or nearly transverse fibres derived from the palato- 
glossus and hyo-glossus muscles. 

The ixiferior lingual mnsde consists of a rounded muscular band, extending 
along the under surface of the tongue from base to apex, and lying outside the 
genio-glossus, between that muscle and the hyo-glossus (fig. 17, 6). Posteriorly, 
some of its fibres are lost in the substance of the tongue, and others reach the hyoid 
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bone. In Iront, having first been joined, at the anterior border of the hyo-glossus 
mnscle, by fibres from the stylo-glossus, it is prolonged beneath the border of the 
tongue as far as its point. 

The transverse muscular fibres of the tongue (fig. 17, 2 ; fig. 16, < r) form together 
with the intermixed fat a considerable part of its substance. They are found in the 




Fig. 16. — LoxoiTUDiRAL VBBTiCAL SECTION OF THK ToNGUB, LIP, &c. (Protn Kolliker and Amold. ) 

m, symphyBis of the lower jaw/, d, incisor tooth ; A, hyoid bone ; g A, genio-hyoi4 mnscle ; g, 
genio-hyo-glossus spreading along the whole of the torgue ; t r, transverse muscle ; 1 1, superior longi- 
tudinal muscle ; g I, lingual glands ; /, lymphoid crypts ; e, epiglottis ; /, section of the lip and labial 
glands ; o, cut fibres of the orbicularis oris ; I m, levator menti. 

interval between the upper and lower longitudinal muscles, and they are interwoven 
extensively with the other muscular fibres. Passing outwards from the median 
plane, where they take origin from a fibrous septum (fig. 17, 3), they reach the 
dorsum and borders of the tongue. In proceeding outwards, they separate, and the 
superior fibres incline upwards, forming a series of curves with the concavity upwards. 

Fig. 17. — COBONAL SECTION OF THE TONOUK 
ABOUT THE MIDDLE OP ITS LEESTH, LEFT 
HALF SEEN FBOM BEHIND. (W. KraUSe. ) 

1, papillse on the dorsal surface ; 2, trans- 
verse muscular fibres ; 3, septum lingusB ; 4, 
gcnio-glofwns ; .*>, ranine artery ; 6, inferior lin- 
gualis ; 7, hyo-glossus ; 8, vertical muscular 
fibres ; 9, stylo-glossus ; 10, superficial lingual 
muscle. 

The fibres of the palato-glossus muscle 
are stated by Zaglas and Henle to be 
continuous with fibres of the transverse 
set. 

Vertical fibres (external perpen- 
dicular muscle of Zaglas), decussating 
with the transverse fibres and the in- 
sertions of the genio-glossus (fig. 17, <^), 
form a set of curves in each half of the 
tongue with their concavity outwards, 

and extending down and out from the dorsum to the under surface of the border, so 

that those which are outermost are shortest. 
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Examined in transverse sections, the muscnlar fibres are seen to be arranpred so as to render 
the substance divisible into an outer part or cortex and an internal or mrdtillary part. The 
fibres of the cortex are principally longitudinal, derived superiorly from the lingualis 
superior, further outwards from the hyo-glossus, on the side from the stylo-glossus, and 
beneath this from the lingualis inferior. They ensheabh the medullary part on all sides 
except inferiorly, where the genio-g'lossi muscles enter it between the inferior lingfuales. In 
the medullary part are found, embedded in fat, the decussating fibres of the transverse 
muscle passing across, the genio-glossi radiating upwards and outwards, and the vertical 
muscles arching downwards and outwards. In addition to the movements which may be 
given to the tongue by the extrinsic muscles, this organ is capable of being curved upwards, 
downwards, or laterally by its coi-tical fibres, it is flattened by the vertical fibres, and its 
margins are again drawn together by the transverse whilst the two last mentioned, acting 
together, would tend to lengthen the organ. 

The septum of the tongae is a thin fibroas parbition which extends forwards 
from the hyoid bone to the tip, and divides one half of the medullary part of the 
tongue from the other, but does not penetrate into the cortex. 

Vessels and nerves. — The arteries of the tongue are derived from the 
lingual, with some small bmnches from the facial and ascending pharyngeal. The 
veins empty their contents into the internal jugular trunk. 

The nerves of the tongue (exclusive of branches from the sympathetic nerves) 
are five, viz., the lingual branch of the fifth pair, which supplies the papillae and 
mucous membrane of the fore part and sides of the tongue to the extent of about 
two-thirds of its surface with common sensibility ; the chorda tt/mpani, which 
accompanies the lingual to the tongue and probably serves as the nerve of taste to 
a corresponding area of the mucous membrane ; the lingual branch of the ghsso- 
pharyngeal, which sends filaments, both sensory and gustatory, to the mucous 
membrane at the base of the tongue, and especially to the papillss vallatse ; the 
superior larytigealj which distributes a few sensory branches in the neighbourhood of 
the epiglottis ; and lastly, the hypoglossal nerve, which is distributed to the muscles. 
Microscopic ganglia exist upon the expansions of the glosso-pharyngeal nerve, 
especially in the neighbourhood of the papillas vallatsB and papillae foliatse, and they 
have also been found in the sheep and calf upon the gustatory division of the fifth. 

Lymphatics. — The chief lymphatic trunks accompany the ranine vessels, and 
after traversing one or two small lymphatic glands, seated on the hyo-glossus 
musole, pass into the deep cervical glands. Others pass through the mylo-hyoid 
muscle to the submaxillary lymphatic glands. 

The detailed description of the blood-vessels will be found in Vol. II., Part 2, and of the 
nerves in VoL III., Part 2. 



THE PATiATB. 

The roof of the mouth is formed by the palate, which consists of two portions ; 
the fore part being named the hard palate and the back part the soft palate. As a 
whole, the palate is concave from before backwards, and also from side to side. 

The hard palate is bounded in front and at the sides by the alveolar arches and 
gums, and is distinguished from the soft palate by having an osseous framework, 
already described (see Vol. II., Part 1). It is covered by periosteum and 
mucous membrane, these two structures being firmly connected together. In front 
the mucous membrane is thick, dense, rather pale, and corrugated, but it becomes 
thinner, smoother, and of a deeper colour behind. The corrugations of the mucous 
membrane— ;?a/ato/ rugce — may be divided into the longitudinal and the trans- 
verse. In the middle line there is a longitudinal ridge or raphe, ending behind the 
interval between the two mesial incisors in a small eminence, the papilla palatina or 




Fig. 18— Median sectiok of tb« head ard kkck. (Br»une.) § 
Z^nM ! ^ = ': "? I*^** = *' '^^y »* "'» ; 7. <>~I portion of pharynx ; 8, epiglottU ; 9, 

hriid'^ 23^r;ifi;™T of^'l!«* = '^"J """''• '=^"*«« •• 21. i«thiu. of thyroid body ; ^2. rt«™,- 
nyoid, ii, sterno-thyroid ; 24, left mnomiiuttc rein; 25, muiabriani stcrnL 
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incMvepad. This papilla correspondR to the anterior palatine fossa, and receives 
the terminal filaments of the naso-palatine and anterior palatine nerves. Two small 
blind recesses, one on either side, are sometimes found upon it. They represent the 
lower part of the naso-palatine foramina or canals of Stensen, which in many 
animals lead from the mouth into the nose. The transverse rugae, generally about 
five or six in number, vary considerably in their development. They are much 

Fig. 19. — View of thk soft palate akd 

ISTHMUS FACCIUM FROM BEFORE. (-T. S.) 

1, soft palate ; 2. its raphe ; 3, uvala ; 4, 
anterior, and 5, posterior pillar of fauces ; 6, 
tonsil ; 7, posterior wall of pharynx ; 8, doraum 
of tongue. 

better marked and more regular in the 
foetus (Gregenbaur). In the adult the 
ridges are often broken up into several 
small eminences. 

The soft palate (velum pendulum 
palait) is formed by a duplication of 
mucous membrane, including muscular 
fibres and numerous glands. It ex- 
tends from the hard palate backwards 
and downwards between the nasal and 
oral portions of the pharynx, and ends 
below in a free border, which in the 
middle is prolonged as a conical pro- 
cess, Che uvula, while at the sides it is 
continuous with the posterior pillar of 
the fauces. As a rule it is about 10 to 
12mm. in thickness, nearly half of 
which is due to the glandular tissue 
situated between the muscles and the 
mucous membrane of the anterior or 
under surface of the velum. This 
membrane, which is visible from the 

month, is thinner and redder than that of the hard palate, but like it, is covered 
with a scaly stratified epithelium. The median ridge or raphe, which is continued 
backwards from the hard palate to the base of the uvula, indicates the original 
separation of the palate into two lateral halves. The posterior or upper surface of 
the soft palate is convex and continuous in front with the floor of the nasal fossse. 
This surface is covered with ciliated columnar epithelium, while on the under aspect 
and free margin the epithelium is scaly and stratified. 

On both surfaces of the velum are found numerous small compound glands. 
They particularly abound on the under surface, where they form almost a complete 
layer under the mucous membrane ; they are also very abundant in the uvula. 

In the new-bom child the whole posterior surface is covered with ciliated epitheliom, 
bat this becomes subsequently replaced by squamous ; the epithelium of the gland-daots» 
however, retains in many instances its ciliated character (Klein). 

The muscles of the soft palate are described in Vol. II., Part 2. 
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THE SAIiIVAIlir OIiANDS. 

The saliva, which is poured into the mouth, and there mixed with the food 
during mastication, is secreted by three pairs of glands, named from their respective 
situations, parotid^ suhnaxillary, and mUinguah Agreeing in their general physical 
characters and structure, these glands differ in their size, form, and position. 

The Parotid Gland.— The parotid {fig, 20, p) is the largest of the three 
salivary glands. It lies on the side of the face, in front of the ear, and extends 
deeply into the space behind the ramus of the lower jaw. Its weight varies from 
five to eight drachms (20 to 30 grammes). 

Its outer surface is convex and lobulated, and is covered by the skin and fascia, 
and partially by the platysma muscle. It is bounded above by the zygoma, below 
by a line drawn backwards from the lower border of the jaw to the sterno-mastoid 

Fig. 20. — Skktoh op a supkrficial 

DIS8SCTI0N OF THK FACK, 8H0WIN0 
THB POSITION OF THK PAROTID 
AND SUBMAXILLARY OLANDS. (Allen 

Thomson.) |. 

Pf parotid gland ; jp>\ socia paro- 
tidifl ; dy the duct of Stensen before it 
perforates the baccinator muscle ; a, 
transvene facial artery ; n^ n, branches 
of the facial nenre emerging from below 
the gland ; /, the facial artery passing 
ont of a groove in the submaxillary 
gland and ascending on the face ; «m, 
superficial portion of the submaxillary 
gland. 

muscle, and behind by the ex- 
ternal meatus of the ear, the 
mastoid process, and sterno- 
mastoid muscle. Its anterior 
border, which lies over the 
ramus of the lower jaw, is 
more irregular, and stretches 
forwards to a variable extent 
on the masseter muscle. It is 
from this anterior border of the 
gland that the excretory duct 
passes off; and there is fre- 
quently found in connection with the duct, and lying upon the masseter muscle, a 
small process or a separated portion of the gland (/?'), w^hich is called glandula socia 
parotidis. On trying to raise the deeper part of the parotid gland from its position, 
it is found to extend far inwards, between the mastoid process and the ramus of the 
jaw, towards the baso of the skull, and to be intimately connected with several 
deep-seated parts. Thus, above, it reaches into and occupies the posterior part of 
the glenoid cavity ; behind and below, it touches the digastric muscle, and rests on 
the styloid process and styloid muscles ; and, in front, under cover of the ramus of 
the jaw, it advances a certain distance between the external and internal pterygoid 
muscles. 

The internal carotid artery and internal jugular vein are close to the deep surface 
of the gland. The external carotid artery, accompanied by the teraporo-maxillary 
vein, passes through the parotid gland, and in that situation divides into the 
temporal and internal maxillary arteries, the former soon giving off its auricular and 
transverse facial branches. The gland is also traversed by the facial nerve, which 
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divideB into branches within its snbstance, and it is pierced by branches of the great 
auricular nerve, while the auriculo-temporal nerve ascends beneath its upper and 
posterior part. 

The parotid duct, named also Stensen's duet {d, Sknonianus)^ appears at the 
anterior border of the gland, about one finger's breadth below the zygoma, and runs 
forwards over the masseter muscle, accompanied by the socia parotidis, when that 
accessory portion of the gland exists, and receiving its duels. At the anterior 
border of the masseter, the duct {d) turns inwards through the fat of the cheek and 
pierces the buccinator muscle ; and then, after running for a short distance obliquely 
forwards beneath the mucous membrane, opens upon the inner surface of the 
cheek, by a small orifice on a papilla opposite the crown of the second molar tooth 
of the upper jaw. Its direction across the face may be indicated by a line drawn 
from the lower margin of the concha of the ear to a point midway between the 
red margin of the lip and the ala of the nose. The length of the Stenonian duct 
is about two inches and a half (62 mm.), and its diameter rather less than j^th of 
an inch (3 mm.). At the place where it perforates the buccinator, its canal is as 
large as a crowquill, but at its orifice it is smaller than in any other part, and will 
only admit a fine probe. 

Blood-vesselii and nerves. — The vessels of the parotid gland enter and leave 
it at numerous points. The arteries are derived directly from the external carotid, 
and from those of its branches which pass through or near the gland. The veins 
correspond. The lymphatics join the deep and superficial set in the neck ; and there 
are often one or more lymphatic glands embedded in the substance of the parotid. 
The nerves come ftom the sympathetic plexus on the extenial carotid artery, and 
also from the &cial, the auriculo-temporal and great auricular nerves. In the dog 
and cat it has been experimentally shown that the parotid derives its cerebro-spinal 
nerve-supply from the glosso-pharyngeal, through the lesser superficial petrosal nerve 
and the otic ganglion, the fibres finally passing to the gland by a branch of the 
auriculo-temporal. 

Yabieties. — An instanoe is recorded by Gmber of a remarkable displacement of the 
parotid on one side ; the whole gland being situated on the masseter muscle as if it were an 
enlarged socia parotidis (Virchow*s Archiv, xzzii.). Its absence has also been recorded by 
Poirier (Bulletins de la soci^t^ anat. de Paris, 1888). 

The submaxillary gland.— The submaxillary gland (fig. 4, 11 ; fig. 20, «m), the 
next in size to the parotid, is of a spheroidal form, and weighs about 2 or 2^ drachms 
(8 to 10 grammes). It is situated immediately below the base and the inner suiface 
of the inferior maxilla, and above the digastric muscle. In this position (fig. 4, 11) 
it is covered by the skin, fascia, and platysma myoides, and its inner surface rests on 
the mylo-hyoid, hyo-glossus, and stylo-glossus muscles ; above, it corresponds with a 
depression on the inner surface of the jaw-bone ; and it is separated behind from the 
parotid gland merely by the stylo-maxillary ligament. The facial artery, before it 
mounts over the jaw-bone, lies in a deep groove upon the back part and upper border 
of the gland ; while the vein is placed on the superficial surface of the gland. 

The duct of the submaxillary gland, named Wharton's duet ((f , fig. 21), which is 
about two inches (50 mm.) in length, leaves the main gland posteriorly, together with 
a thin process of the glandular substance, and passing round the posterior border of 
the mylo-hyoid muscle (mA), runs forwards and inwards above that muscle, between 
it and the hyo-glossus and genio-glossus, and beneath the sublingual gland, to 
reach the side of the frsenum linguae. Here it terminates, close to the duct of the 
opposite side, by a narrow orifice, which opens at the summit of a soft papilla 
(fig. 5, S) seen beneath the tongue. The obvious structure of this gland is like that 
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of the parotid ; but its lobes are larger, its surrounding areolar web is finer, and its 
attachments are not so firm. Moreover, its duct has much thinner coats than the 
parotid duct. 

Blood-vessels and nerves.— The blood-vessels of the submaxillary gland are 
branches of the facial and lingual arteries and veins. The nerves include those 
derived from the submaxillary ganglion, and through this from the chorda tympani, 
from the lingual branch of the inferior maxillary (and in rare cases from the mylo- 
hyoid branch of the inferior dental nerve), and from the sympathetic. 

Varieties. — Gruber (Virchow's Archiv, Bd. cii.) has recorded a case of complete absence 
of both submaxillary glands. 

The sublingnal gland.— The sublingual gland (fig. 1, S, and fig. 21, si), the 
smallest of the salivary glands, is of a narrow oblong shape and weighs scarcely one 
drachm (4 grammes). It is situated along the fioor of the mouth, where it forms a 
ridge between the tongue and the gums of the lower jaw, covered only by the mucous 
membrane. It extends from the fraenum linguae in front, where it is in contact 
with the gland of the opposite side, obliquely backwards and outwards for rather 
more than an inch and a half. On its inner side it rests on the genio-glossus ; 

Fig. 21. — ViKW OP THB RIOHT SUBMAXILLARY AND 

SUBLINGUAL GLANDS FROM THB IN8IDB. (Alleil ^^ '^ 

Thomson.) , i~^^ N^--^^ *fr 

Part of the right side of the jaw, divided from the VwBlJ -nI' .-^ ^ 

left at the symphysis, remains ; the tongue and its ^11k -jnf^ /^4'^Vt^VJ^ r/ 

muscles have been removed: and the mucous mera- ' VrBfel^TTTS^i^^^iSi^^S^' 
brane of the right side has been dissected off and hooked 



i^' 



upwards so as to ex|K)se the sublingual glands ; s m, / -^ T^Kilil^fiBiii* ' vjit '^ T ' 
the larger superficial part of the submaxillary gland ; \ f^y^ffFTW^^^^i^^^^'''^'^^^^ ^^ 
/, the facial artery passing through it ; s m\ deep ' '^ 

portion prolonged on the inner side of the mylo-hyoid 
muscle m,h\ 1 1, is placed below the anterior large part 
of the sublingual gland, with the duct of Bartholin 
partly shown ; s l\ placed above the hinder small end 
of the gland, indicates one or two of the ducts per- 
forating the mucous membrane ; dy the impilla, at which the duct of Wharton opens in front behind 
the incisor teeth ; d\ the commencement of the duct ; A, the hyoid bone ; n^ the lingual nerve ; close to 
it is the submaxillary ganglion. 

below, it is supported by the mylo-hyoid muscle (wiA), which is interposed between 
it and the main part of the submaxillary gland ; and it is here in close contact 
with the Whartonian duct, with the accompanying deep portion of the last-named 
gland, and also with the lingual branch of the fifth nerve. 

The lobules of the sublingual gland are not so closely united together as 
those of the other salivary glands, and the ducts from many of them open separately 
into the mouth, along the ridge which indicates the position of the gland. These 
ducts, named ducts of Bivinus, are from eight to twenty in number. Some of 
them open into the duct of Wharton. One, longer than the rest (which is 
occasionally derived in part also from the submaxillary gland), runs along the 
Whartonian duct, and opens either with it or very near it ; this has been named the 
diict of Bartholin, but it is inconstant in its occurrence (Chievitz, Suzanne). 

Blood-vessels and nerves. — The blood-vessels of this gland are supplied 
by the sublingual and submental arteries and veins. The nerves are numerous, 
and are derived from the lingual branch of the fifth, the chorda tympani and the 
sympathetic. 

BTBUCTURB OP THX SAIjIVARY QLANDS 

These glands are constructed on the compound racemose type (see Vol. I., 
Part ii., p. 399). Their ducts (traced backwards), after branching a certain number 

VOL. III., PT. 4. c 
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of times, terminate in fine ramuscules, into which the alveoli open. The alveoli of 
the salivary glands do not always present the form usually regarded as typical of the 
alveoli of a compound racemose gland. They are sometimes dilatations of the 

Fig. 22. — DiAORAM OP THK CONSTRUC- 
TIOM OF A LOenLR OF A TUBULO- 
BA0KMO8B (aCINO-TUBULAR) MUCOUS 

OLA. ND.(Froro KoUiker.) 

a. duct ; &, a I ranch of the dact ; 
c, alveoli as they lie together in the 
gland ; d, the same separated, showing 
their connection as an irregular tube. 

extremities of the dact beset 
with saccular enlargements, some- 
times more tubular and even somewhat convoluted without marked sacculation 
(fig. 22) (acino-tabular variety), but there is no essential diflerence between the two 
forms, transitions being met with between them. The alveoli are enclosed by a 
basement membrane, which is not complete as in some glands, but forms a basket- 
Fig. 23. — Membrana propria of two alveoli isolated. 
* (Heidenhain, after Lavdovsky. ) 

The preparation is taken from the orbital gland of the dog, 
which is similar in structure to a mucous salivary gland, 

like investment to the alveolus, the flattened cells 
which form it being ramified and united together 
by their branches (fig. 23). There is, however, in 
addition a delicate homogeneous substance occupy- 
ing the meshes between the cells (see the left-hand alveolus in fig. 28). The cells 
of the basement membrane are said to send inwards processes to form a susten- 
tacular network amongst the alveolar cells. 

The alveoli are united by the blood-vessels and a small amount of loose connective 

Fig. 24. — Section of part of the huxan 
submaxillary qlamd. (Heidenhain.) 

To the right of the figure is a group of 
mucous alveoli, to the left a group of serous 
alveoli. 

tissue into lobules, and these again by 
a larger quantity of the same tissue 
into larger lobules. A considerable 
amount of connective tissue also ac- 
companies the blood-vessels and duct 
in their ramifications through the 
gland. The connective tissue, where 
it is in larger amount, is lamellar in 
character (Klein), and it contains, 
besides the ordinary flattened cells, a 
certain number of granular plasma-cells 
and lymph-corpuscles, with fat cells 
occasionally. 
The alveoli of the salivary glands may be divided into two classes, according to 
the nature of their secretion : — those of the one kind yielding a ropy secretion 
characterised by containing mucin, and those of the other kind, a thinner more 
watery secretion, sometimes containing a considerable amount of serum-albumin, so 
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that the secretion coagulates on being heated. The two kinds of alveoli may 
accordiDglj be distinguished as mucous and serous or albuminous (Heidenhaio) ; 
they diflfer from one another both in appearance and in the nature of their secreting 
cells. In some cases an alveolus may contain mucous and serous cells side by side. 

The human parotid and that of all mammals is composed of serous alveoli, and 
the sublingual gland of mucous alveoli, but in man the submaxillary is a mixed 
gland, containing both kinds of alveoli, although the serous are the more numeious 
(fig. 24). In the dog and most other animals it is purely a mucous gland, and 
in the rabbit and guinea pig it is purely a serous gland. Similar differences have 
already been noticed (p. 9) in the small glands of the tongue. According to 
Hermann a gland of tubular structure and funiishing a mucous secretion may 
also be found attached to the submaxillary in man, and opening into Wharton's 
duct. In the guinea-pig and rabbit there are small flat mucous glands of tubular 
structure connected botli to the parotid and submaxillary, one to each, and sending 





Sections of the submaxillary oland op the doo. A, during rest. ]\, after a 



In A, TijOfit of the cells of the alveoli are large and clear, being filled with the material for secretion 
(in this case, mucigen) which obscures their protoplasm, but some of the cells are small and proto- 
plasmic, forming a crescentic group seen in most of the alveoli. 

In B, the accumulated material (mucigen) is discharged from the mucin-secreting cells, which appear 
in consequence shrunken and less clear. Both the cells and the alveoli arc much smaller, and the pro- 
toplasm of the cells is now more apparent. The marginal cells of Gianuzzi are enlarged. 

c, ** crescent '* cells ; //, mucus-secreting cells ; /, lumen of alveolus. 

their ducts to open into the ducts of those glands (admaxiHaries, Klein). Similar 
tubular glands have been described in various other animals, and, as above men- 
tioned, also in man. They are most frequently found in connection with the 
submaxillary, where they form usually a glandular mass distinguishable to the 
naked eye, and termed by Ranvier the retro-lingual gland, Ranvier states, how- 
ever, that he has not found this in the rabbit, hare, horse and sheep, or in man, but 
it occurs constantly in all other animals examined. 

Mucous alveoli. — In the mucous glands and mucous alveoli of mixed glands 
most of the alveolar cells, when the gland is in the inactive condition, appear large, 
clear, and almost spheroidil in shape, and nearly fili the alveoli, which are distended 
by the cells (right-hand side of fig. 24). The nucleus of each cell is in the part of 
the cell next to the basement membrane, against which it is generally flattened, and 
the cells may cause the basement membrane to be bulged out opposite to them. In 
preparations hardened in alcohol the cells are finely granular, and with the exception 
of the part around the nucleus are scarcely stained by carmine (fig. 25, A). 

When the cells of the mucous alveoU are isolated, they not unfrequently exhibit 
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processes, one from the base of each cell : the projection is flattened and overlaps the 
base of a neighbouring cell (Kolliker). The peculiar clear appearance of these cells 
is due to the accumulation within them of mucin (or of a substance ** mucigen " 
from which mucin is formed). When fragments of the fresh mucous glands are 
examined in solutions of salt of a certain strength, it may be seen that the clear 
material which is accumulated within the cells is in the form of minute globules 
(Langley). When swollen by the addition of w^ater, these run together, and the cell 

Fig. 26. — Isolated hdcin-skcrktimq cells from the 

SUBMAXILLARY GLAND OF A DOG. (Lftngley.) 

a and b, isolated in 2 p. c. salt solution ; a, from 
loaded gland ; b, from discharged gland ; a\ b\ similar 
cells after treatment with dilute acid. 

then appears distended with clear secretion, with 
threads of protoplasm intersecting it (see fig. 
2G). 

Besides the " mucin cells " there arc met 
with in most alveoli of these glands, cells of a 
different character, which from their position 
may be named *• marginal cells." In some 
mucous glands, e.g., the submaxillary of the cat, 
they form an almost complete outer layer, next to the basement membrane, and 
enclosing the mucin-cells, but in the dog's submaxillary gland they occur only in 
small semilunar masses (lunuOe or a^esrmts of Gianuzzi) at the bottom of the 
alveoli, flattened up between the basement membrane and the mncin-cells (tig. 25, A ; 
fig. 28, 8). These marginal cells are small and granular, and stain deeply with 
carmine and hasmate'in. 

If the mucous glands are stimulated to secretion, the mucin-cells become 
gradually smaller and less clear, their contents being exuded in the form of mucus, 
which first fills the cavity of the alveolus and then passes on into the duct. At the 
same time the cells are easily stained with carmine and their nuclei are no longer 





Fig. 27.- 



-AlVEOLI of serous GLANDS. A, AT IIKST. B, AFTER A SHORT PERIOD OF ACTIVITT, 
C, AFTER A PROLONGED PERIOD OF ACTIVITY. (Langley. ) 



flattened, but assume a more rounded form and central position (fig. 25, B). If the 
gland be strongly urged to activity, as by prolonged stimulation of its cerebral 
nerves, the mucin-cells may undergo still more profound alterations, and may even, 
according to Heidenhain, become partially or wholly disintegrated, but probably the 
cell is normally never destroyed. It is possible, however, that, in extreme salivation, 
some of the mucin-cells are occasionally destroyed, but whether the marginal cells 
multiply and become filled with secretion, and thus serve to replace the mucin-cells 
which are lost is doubtful, for it is rare to find evidence of cell-division during 
functional activity of the gland. 

Serous alveoli. — In the serous glands and serous alveoli of mixed glands, the 
cells, in the inactive condition of the glands, are in the fresh condition and in osmio 
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preparations seen to be packed fall of distinct granules, of an albuminous nature, 
which obscure their nuclei (Langley). The granules are imbedded in the proto- 
plasm of the cells and the latter almost completely fill the alveoli, scarcely any 
lumen being discernible (fig. 27, A). 

After a short period of activity the granules are found to have disappeared in 
the outer part of the cell, the inner part being still distinctly granular, and some 
of the granules are apparently free within the lumen of the alveolus, now Ijecoming 
distinct (fig. 27, B). With more prolonged activity (fig. 27, C) the clear outer 
part increases in extent, and the granules are found only in the part of the cell which 
is close to the lumen, and in those parts which are contiguous to the adjacent cells 
(corresponding perhaps to fine capillary clefts which pass from the cavity of the 
alveolus between the cells). The nuclei have now become distinct, and the cells are 
smaller. We may suppose therefore that the granules, which no doubt contain the 
specific elements of the secretion, are formed by or from the protoplasm of the 
cells during rest, and are discharged into the lumen and dissolved during activity. 
Probably however even during activity new granules are constantly being formed 

Fig. 28. — Section of the submaxillary 

GLAND OF THE DOO, SHOWING THE 
COMMENCEMENT OF A DUCT IN THE 

ALVEOLI. Magnified 425 dia- 
meters. (E. A. S.) 

a, one of the alveoli, several of which 
are in the section shown grouped around 
the commencement of the duct, (V ; a\ an 
alveolus, not opened by the section ; b, 
basement membrane in section ; c, inter- 
stitial connective tissue of the gland ; </, 
section of a duct which has passed away 
from the alveoli, and is now lined with 
characteristically -striated columnar cells ; 
», semilunar group of darkly-stained cells 
at the periphery of an alveolus. 

and passed onwards towards the 
lumen. According to Langley, 
the three processes of growth of 
the clear protoplasm, conversion 
of this into granules, and dis- 
charge of these into the lumen, are all proceeding simultaneously in dififerent parts 
of the cell during activity. 

In glands which have been hardened in alcohol the granules are no longer seen, 
their place being occupied by a clear substance which does not stain with carmine. 

Ihicts. — In the serous glands, and serous parts of mixed glands, the first or 
intercalary part of the duct which conveys the secretion from the alveoli is narrow, 
and lined with clear flattened cells with elongated nuclei. After a longer or shorter 
course, this part passes by a somewhat narrower neck, lined with cubical cells with 
small nuclei, into the intralobular ducts (Klein). 

In the mucous glands the intercalary ducts are also lined (fig. 28, iT) with clear 
cells continuous with the cells of the alveoli, but flattened against the basement 
membrane so as to leave a considerable lumen. 

This first part of the duct is generally shorter than the corresponding part in 
the serous glands, and is regarded by Klein as representing only the part by him 
termed the "neck"; more probably, however, it must be looked upon as repre- 
senting both parts, although they are not here so clearly diff'erentiated. The 
intercalary part of the ducts is described by Klein as being lined, within the 
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epithelium, by a special delicate nucleated membraue, which in some animals Ib 
continued into the intralobular ducts. 

In the next or intralobular part of the duct (fig. 28, d) the character of the 
epithelium changes abruptly, the cells becoming large and columnar or conical, the 

Fig. 29. — Section of alvkoli of sublinqual qlakd, huvak, frk- 

PARKD BT OOLOl's 8ILVKR CHROMATK METHOD. (£. MUUer.) 

Ij lumen, stained, showing lateral diverticula proceeding between 
and also into the cells of the alveoli ; A, diverticula penetrating into 
** crescents. " 

rounded or truncated apex being directed towards the 
lumen of the tube. Each cell contains a spherical nucleus 
near the centre {?ig. 28). The part of the cell next 
the lumen of the duct is granular in character, whereas 
the part nearest the basement membrane is finely striated 
longitudinally. This striated appearance is most distinct 
in the ducts of the submaxillary gland ; it is due to the 
presence of a rod-like or fibrillar structure in that part of 
the cell. 

The lumen of the ducts is continued directly into the 
alveoli, and its course there can be traced both by injec- 
tion and in preparations stained by the silver chromate 
method. By the latter method it has been shown that diverticula extend between 
the cells of the alveoli, and minute channels are also traceable for a short distance 
into the protoplasm of the cells. In the mucous alveoli a special diverticulum of 
the lumen passes to each crescent of Gianuzzi, and ramifies within this between and 
perhaps partly within its component cells (figs. 29, 30). 

The larger ducts acquire a coating of fibrous and elastic tissue outside the 
basement membrane, and, except in those of the sublingual gland, a few plain 

Fig. 80. — Tkrminal mervk- fibrils in an alveolus of thk 
SUBMAXILLARY GLAND OF THK DOQ. (G. Rctzius.) Chroniate 
of silver method. 

The extension of the lumen into the crescents of Gianuizi is 
also shown. 

muscular fibre-cells are also to be found. The 
columnar epithelium is here double, a second row 
consisting of somewhat smaller cells lying outside, 
and fitting between, the elongated cells which are 
continuous with those of the smaller ducts. 

Vessels ajid nerves. — The blood-vessels of 
the salivary glands are numerous, and form a close capillary network outside the 
basement membrane both of the alveoli and the ducts. 

The lymphatics commence in the form of lacunar clefts between and around 
the alveoli, lying closer to these than do the networks of blood-capillaries 
(Gianuzzi). The issuing lymphatics accompany the blood-vessels and ducts. 

The nerves are large and numerous, and many of them exhibit minute ganglia, 
especially those in the dog's submaxillary. There are fewer in the humtin sub- 
maxillary gland, and no ganglia in the parotid (Klein). Some of them have been 
observed to end in Pacinian corpuscles of a simple kind (Krause). Many, no doubt, 
supply the blood-vessels, which they are known to influence. Most of them, however, 
appear to end in the seci^ting alveoli. These they i^each for the most part as non- 
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medullated fibres, and, after piercing the basement membrane, end in an open 
arboreaoence of the finest varicose fibrils, ramifying between and aronnd the cells of 
the alveoli (fig. 30). 
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In the human subject as in the great majority of mammals the dentition is 
diphyodont, that is two sets of teeth make their appearance in the course of life, of 
which the first comprehends the temporary or milk teeth, while the second is the 
permanent set.^ The temporary teeth are twenty in number, ten in each jaw, and 
the permanent set consists of thirty-two, sixteen above and sixteen below. 

The human dentition is also hetei'odont ; the teeth, instead of all having the 
same form (komodont condition), diflPer considerably in their size, shape, and 
function. The twenty temporary teeth consist of four incisors, two canines, and 
four multicuspids or molars above and below. The thirty-two permanent teeth are 
four incisors, two canines, four bicuspids or premolai-s, and six molars in each jaw. 
There are no bicuspids among the temporary teeth, the eight deciduous molars 
preceding eight bicuspids of the permanent set. The relative position and arrange- 
ment of the different kinds of teeth may be expressed by the following formula, 
which also exhibits the relation between the two sets in these respects : — 
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Or they may be written more simply thus : — 

(2.1.2 

Milk teeth \ 
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As the typical mammalian dentition is In,, C,, Pm^, and Mo, on each side of each jaw, it 
follows that three pairs on each side are suppressied in man. Not unfrequently one or more of 

y^^^^gi^^^k^^ Fig. 31. — Lower aspect of superior dental 

^_^6|||H|H^|Hfe^ ARCH AND HARD PALATE. (Muhlreiter.) 

i' '^ llKSP^^^H!tfc\ these normally suppressed teeth appear, 

f 'A?Krf?* '^'^ ft ' ^ ^^^Br-v^ sometimes in a well developed condition, 

A l^^CJr , ^ tTKW ^^* much more frequently they are rudi- 

U^hjKi' : ^ IV^^^ mentary. From the position these super- 

A^^'^^^K iilSki, iL^fSM numerary teeth occupy it is probable that 

Xjh^^^M^m^j 'i I ''i'^wf^^^\ ^^ missing teeth are the second incisor and 

/'^k^^^KgujiyB f '\ ' T^^^F ^^^ ^^^ ^^^ fourth premolars (A. Wilson). 

/^JjS^Bf ^f^'^. ^ ^^^ «ite?^ ^^^ curve occupied by the teeth of 

) itlBW^^^ ^^" ^ "^""'"SS^'mf^i*^ ^^^ upper jaw is elliptical, and of the 
/<ifi^^E^ \ ' ''^' "T^^ r T^^ff^ lower parabolic. It is not broken by 

^W^,^Kwi " ^ f ■ .^^kSU£I^Y ^^^ interval or diastema as is the case 
^I^Ef^^^S^': ( j^^QntSjlB^ i^ ™<>st mammals. The span of the 
^^^^Jf \S^ ^^^r^ upper dental arch is rather larger 

than that of the lower one, so that 
the teeth of the upper jaw slightly overlap those of the lower, both in front 
and at the sides. While there is a slight diminution in the height of the crowns 
of the teeth from the incisors backwards to the wisdom-teeth, there is in man 

* The three permanent molars are by some regarded as belonging to the first dentition, since they 
do not take the place of any of the milk teeth, but are formed independently in a backward extension of 
the dental germ. 
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no abrupt change of level along the range. In consequence of the large pro- 
portionate breadth of the upper central incisors, the other teeth of the upper 
jaw are thrown somewhat outwards, so that in closure of the jaws the canines and 
bicuspids come into contact partly with the corresponding lower teeth, and partly 





Fig. 2. — Uppkb aspect of lowsr dental akch and body of lower jaw. (Mulilrciter.) 

with those next following ; and in the case of the molars, ench cusp of the upper 
lies behind the corresponding cusp of the lower teeth. Since, however, the upper 
Fig. 38. — Labial aspect ov the right half 

OF THE TWO DENTAL ARCHES TO SHOW THE 
RELATION BETWEEN THE UPPER AND LOWER 

TEETH. (Zuckerkandl. ) 

molars and especially the wisdom-teeth 
are smaller than those below, the dental 
ranges terminate behind nearly at the 
same point in both jaws (see figs. 88 
and 34). 

In Europeans the upper incisors project 
in front of the lower incisors, but it has 
been shown by Turner that in some, at 
least, of the Australian aborigines this is 
not the case, the cutting edges of 'the lower 
incisors projecting as far forwards as those of the upper. 

It is well known that the teeth of certain races are larger in relation to the general 
stature of the individual than in others. Flower has investigated this question so far as the 
premolars and molars are concerned. He has constructed a dental huk.r by comparing the 
distance between the anterior surface of the first premolar and the posterior surface of the 
wisdom-tooth with the basio-misal length of the skull. He divides the various races 

Fig. 34. — Lingual aspect of the lkft 

HALF OF THE TWO DENTAL ARCHE8. 

(Zuckerkandl. ) 

according to their dental index into 
microdont, mefitdont^ and megadtmt. 
The microdont section contains the 
white races, the mesodont the Mon- 
golian or yellow races, and the mega- 
dont the black races, including the 
Australians. 

In consequence of the curve of the dental arch, such terms as anterior, 
posterior, internal and external, when used in the description of the surfaces of the 
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teeth, are liable to lead to confusion, to obviate which special names must be 
employed. The surface of a tooth directed towards the lips or cheek is therefore 
called labial or buccal, and that towards the tongue the lingual, while the terms 
proximal and distal are used to represent the surfaces that would look towards and 

Fig. 3'». — Vertical section of premolar of 
CAT. 15 DIAMETERS. (Walde^er.) 

c, is placed in the pulp-cavity, opposite 
the cervix or neck of the tooth ; the part 
above is the crown, that below is the root 
(fang). 1, enamel with radial and concen- 
tric markings ; 2, dentine with tubules and 
incremental lines ; «$, cement or crusta 
petrosa, with bone corpuscles ; 4, dental 
periostenm ; 5, bone of lower jaw. 

away from the median plane were 
the teeth arranged in a straight 
line passing outwards from the 
mesial incisor. 

A tooth consists of three por- 
tions, viz., one which projects above 
the gums and is named the body or 
crmvn, another fixed in the alveolus 
or socket, the roofy consisting of a 
fang or fangs — and a third, inter- 
mediate between the other two, and, 
from being more or less constricted, 
named the neck. The size and form 
of each of these parts vary in the 
different kinds of teeth. 

The roots of the teeth are 
accurately fitted to the alveoli of 
the jaws, in which they are im- 
planted. Each alveolus is lined 
t»y periosteum {dental periosteum^ 
fig. 35, 4), which also invests the 
contained tooth as high as the 
neck, and is blended above with the 
dense' tissue of the gums. The 
fangs of all the teeth taper from the 
cervix to the point, and this form together with their accurate adjustment to the 
alveolus has the effect of distributing the pressure during use over the whole socket, 
and of preventing it from unduly bearing on the point of the fang, through which 
the blood-vessels and nerves enter. 

BPBOIAIi OHAAAOTBRB OF THX TSXTH. 

Thb Permakent Teeth. — The incisors (fig. 36), eight in number, are the four 
front teeth in each jaw, and are so named from being adapted for cutting or 
dividing the food. Their crowns are chisel-shaped (c), and have a sharp horizontal 
cutting edge, which by continued use is bevelled off behind in the upper teeth, but 
in the lower ones is worn down in front, where it comes into contact With the over- 
lapping edges of the upper teeth. Before being subjected to wear the horizontal 
edge of each incisor is marked by three small prominent points, separated by two 
slight notches (fig. 36, d). The labial surface of the crown is slightly convex, both 
from above downwards, and from side to side. The lingual surface is concave. 
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especially from above downwards, and presents a prominence termed the basal 
ridge or cinguhm. The proximal and distal surfaces are triangular with the base 
at the gum, and the apex towards the cutting edge. The fang is long, single, 
conical and compressed at the sides, where it sometimes, though rarely, presents a 
slight longitudinal furrow (as in c). The lower incisor teeth are placed vertically 
in the jaw, but the corresponding upper teeth are directed obliquely forwards. The 
upper incisors are, on the whole, larger than the lower ones. Of those in the upper 
jaw the mesial incisors are the larger ; but in the lower jaw the mesial incisors are 
the smaller, and are, indeed, the smallest of all the Incisor teeth. The cingulum is 

Fig. 36.-- Incisor tekth or thb tjppxr and lower 

JAWS. 

a, front view of the upper and lower mesial incisors ; 
6, front view of the upper and lower lateral incisors ; 
Cy lateral view of the upper and lower mesial incisors, 
showing the chisel shape of the crown ; a groove is seen 
marking slightly the fang of the lower tooth ; d^ the 
upper and lower mesial incisor teeth before they have 
been worn, showing the three points on the cutting 
edge. 

absent in the lower incisors, but sometimes 
in the upper lateral incisors, and less fre- 
quently in the upper mesial incisors, it is 
developed into a distinct lingual cusp (fig. 87). 
The oanine teeth (fig. 38), four in 
number, are placed one on each side, above 
and below, next to the lateral incisors. 
They are larger and stronger than the 
incisor teeth. The croum is thick and 
conical, its labial surface decidedly convex, and the lingual concave. It may be 
compared to that of a large incisor tooth the angles of which have been removed, 
so as to leave a single central point or mtpy whence the name cuspidate applied to 
these teeth. The point always becomes worn down by use. The/an^ of the canine 
teeth is single, conical, and compressed at the sides : it is longer than the fangs of 

Fig. 37. — a, 6, e, linqual surface of upper incisor teeth show- 
ing VARIATIONS IN FORM ; IN O THE CINQULUM IS WELL MARKED. 

(Zuckerkandl. ) 

any of the other teeth, and is so thick as to cause a 
prominence of the alveolar arch. 

The upper canines, popularly called the eye-teeth, are 
larger than the lower, and in consequence of this, as well 
as of the greater width of the upper range of incisors, 
they are thrown a little farther outwards than the lower 
ones. On the lingual surface of the upper canine a well-marked ridge passes from 
the apex of the cusp to the cingulum, where there is frequently a distinct tubercle. 
The lower canine has neither a lingual ridge nor cingulum. I'he root of the upper 
canine is almost invariably single, while that of the lower is often bifid at its apex. 
In the dog-tribe, and in the camivora generally, these teeth acquire a great size, 
and are fitted for seizing and killing prey, and for gnawing and tearing it when 
taken as food. 

The bionspicUi (fig. 39), also called premolar 8 ^ are four in each jaw ; they are 
shorter and smaller than the canines, next to which they arc placed. The crown is 
compressed proximo-distally, and both its labial and lingual surfaces are convex. 
The grinding surface shews two cusps — a large labial and a smaller lingual — 
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separated by a deep fissure. The fang is compressed in the same direction 
as the crown, and is grooved on its proximal and distal surfaces so as to 

Fig. 38.— Canimb tooth or thk uhpkr jaw. 
a, front view ; b, lateral view, showing the long fang grofived on the side. 

shew a tendeucy to be divided into a labial and a lingual 
portion. 

The upper bicuspids differ very considerably from the lower, 

and while in the latter there is a decided distinction between 

the first and second, in the case of the two upper bicuspids 

there is but little difference. The labial surface of the crown 

^ ^ of the first upper bicuspid has a vertical ridge passing from 

its apex upwards towards the neck ; this ridge is bounded by 

two lateral depressions (see a, fig. 39). The lingual surface of the crown is smaller 

and more convex both longitudinally and transversely than the labial aspect. It 

Fig. 39. — First bicuspid tooth op the upper and lower jaws. 

a, labial view ; 6, lateral view, showing the lateral groove of the fang, 
and the tendency in the upper to division. 

has usually two roots, a labial and a lingual ; sometimes 
only one, and more rarely three, two labial and one lingual. 
In the second upper bicuspids the labial and lingual surfaces 
are nearly equal, and the labial ridge is indistinct, while the 
fang is more frequently single than in the first bicuspid. 
The lower bicuspids are smaller than the upper ones, their 
cusps are less deeply divided, and the lingual surface is 
much less convex than the labial. In the upper bicuspids 
the two cusps are separated by a deep fissure, while in the 
lower they are united by a low ridge. The lower bicuspids 
have generally single roots, but occasionally the root is 
divided into a labia) and a lingual fang. The first lower 
has sometimes only one cusp distinctly marked, viz. the labial, and in 
it approaches in figure to a canine tooth. The second bicuspid is larger 

Fig. 40.— First molar tooth of the upper and lower jaws. 
They are viewed from the buccal aspect. 




bicuspid 
that case 




tlian the first, and its lingual cusp is nearly as prominent as the 
labial one, whereas in the first bicuspid the lingual cusp is much 
smaller. 

The molar teeth (fig. 40), true or large molars, or grinders^ are 

twelve in number, and are arranged behind the bicuspid teeth, 

djh^'^^ *'^^® ^° ^®^h s^^^» ^^ove and below. They are distinguished by the 

y^ "^ large size of the crown, and by the great width of its grinding 

W^ -W surface. The first molar is the largest, and the third is the smallest, 

*^^ in each range, so as to produce a gradation of size in these teeth. 

The last of the range, owing to its late appearance through the gum, 

is called the tvhdom-tooth. The aowns of the molar teeth are low 

and cuboid in their general form. Their labial and lingual surfaces 

are convex, but the proximal and distal surfaces are flattened. 

The grinding surface is nearly square in the lower teeth, and rhomboidal in the 

upper, the corners being rounded off ; it bears four or five trihedral tubercles or 
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cusps (whence the name muUicuspidaii), separated from each other by a crucial 
depression. 

The crown of the first upper molar bears four cusps, situated at the angles of 
the masticating surface ; of these the proximo-lingual is the largest, and is usually 
connected with the labio-distal cusp by a low oblique ridge. This tooth has 
occasionally a fifth cusp situated on the lingual side of the proximo-lingual cusp ; 

Fig. 41. — Grinding sukfacb of thk upper molars. 
(Zuckerkandl. ) 

A, on right side ; tlie first molar has four cusps, and the second and 
thinl three each. 

B, another set from the left side, with the same number of cusps as in 
A, except that a smaU additional cusp is seen on the lingual side of the 
proximo-lingual cusp of the first molar. The third molar is larger than 
the second. 

ibis additional cusp is small, and rarely, if ever, reaches the 
grinding surface. The second upper molar is generally 

described as having four cusps, but according to Zuckerkandl and Kose there are 
often only three. Zuckerkandl found four cusps in 45*6 per cent, of Europeans, 
the cusps being reduced to three in 54*4 per cent., while in the lower races four 
cusps were found in 73*5 per cent. Rose's results agree essentially with those of 
Zuckerkandl. In the upper wisdom-tooth the two lingual cusps are usually blended. 
The crowns of the lower molars, which are larger than those of the upper, have 
five cusps, the additional one being placed between the two distal ones, and 

Fig. 42.— Grindino surface of the lowek molars on left side. (Zuckerkandl.) 

In this series the first molar has five cusps, the second 4, and the third 4, and the 
teeth diminish in size from the first to the third. 

rather to the outer side. Not unfrequentiy the second molar has only 
four cusps, but this reduction in the number of cusps rarely affects the 
first and third molars. The third molar is usually as large as and 
sometimes even larger than the second. The fangs of the molar teeth 
are multiple. In the first and second molars of the upper jaw the 
fangs are three in number, viz. two labial and one lingual ; the labial fangs are 
short, divergent, and directed towards the antrum of the superior maxilla, while 
the lingual fang is larger and longer and directed towards the palate, its distal 
border extending as far back as the labio-distal fang. The first and second 
molars of the lower jaw have each two broad compressed fangs, one proximal 
and the other distal ; they are grooved on the faces that are turned towards each 
other as if each consisted of two fangs fused together. In the wisdom-teeth of 
both jaws the fangs are often collected into a single irregular, conical mass, which 
is either directed backwards in the substance of the jaw, or curved irregularly ; this 
composite &ng sometimes shows traces of subdivision, and there are occasionally 
two fangs in the lower teeth and three in the upper. 

Homologies of the teeth. — Two main views are held as to the phylogeny of the 
multiouspidate teeth of varioas mammals, such as the molars in man. According- to Rose and 
others these teeth are formed by the fusion of a number of originally simple cones, such as. 
are found in the Reptilia. The evidence ofifered in support of this view is mainly embryo- 
logicaL On the other hand, Cope and Osborn, from a study of the teeth in a large series of 
fossil mammals, hold that the primitive form of mammalian molar was a single cone, to which 
all the other cusps have been successively added. 

In fishes, amphibia, and reptilia, in place of two series of teeth such as occur in mammals, 
there is throughout life a constant succession of series which replace one another from behind 
forwards. There can be little doubt that the two series, milk and permanent, of mammala 
represent a part, at least, of the successive series of reptilian teeth. Some considerable amount 
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of discussion han of late years taken place as to which of the two dentitions is the primary, 
for although in hig-her mammals the milk dentition is the first to appear, in marsupials it 
appears to be absent ; and it has hence been inferred that it is really only of secondary 
development. The most recent researches seem, however, to show that the milk dentition is 
represented in a rudimentary form even in marsupials, and it would further appear that in 
exceptional instances in higher mammals, and in man, a third, and even a fourth, series of 
teeth may be produced in connection with persistent remains of the dental lamina, behind 
and lateral to the permanent teeth ; this being an apparent reversion to the reptilian con- 
ditions of dental succession. For a full discussion of these and other points in connection 
with the homologies of the teeth, see Schwalbe, " Ueber Theorien der Dentition," Verhandl. 
d. anat. GeseUschaft, Anat. Anzeiger, 1894. 

The Milk-teeth (fig. 43). — The temporary or milk-teeth are distinguished 
from the permanent by the marked bulging of the crown close to the neck, so that 

Fig. 43. — Milk teeth of the right 

SIDE OF the upper AND LOWER JAWS. 

a, the incisors ; b, the canines ; c, 
the molar teeth. 

the latter shews a well-marked 
constriction. The temporary in- 
cisors and canine teeth resemble 
those of the permanent set in 
their general form, but they are 
of smaller dimensions, and all 
their characteristic markings are 
much less decided, especially 
those in the canines. 
The temporary molars are larger than the bicuspids which succeed them. The 
hinder of the two is much the larger, being, indeed, the largest of all the milk-teeth. 
The first upper milk molar has only three cusps, two labial and one lingual ; the 
second has four. The first lower temporaiy molar has four cusps, and the second 
five, of which in the latter case three are labial. The fangs of the temporary molars 
resemble those of the permanent set, but they are smaller and are more divergent 
from the neck of the tooth. 

STRUOTUBB OF THB TSXTH. 

On making a section of a tooth, it is found to be hollow within (fig. 44). The 
form of the cavity bears a general resemblance to that of the tooth itself ; it occupies 
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Fig. 44. — Sections of an incisor and molar tooth. 




the interior of the crown, and extends along each 
fang, at the point of which it opens by a small 
orifice. In the incisor teeth the cavity is pro- 
longed above into two tapering canals,which proceed 
one to each corner of the crown ; in the bicuspid 
and molar teeth it advances a short distance into 
each cusp. In the case of a root formed by the 
blending of two or more fangs, each division has a separate canal prolonged to its 
apex. 

Pulp of the teeth.— The central cavity of a tooth is called the pulp-cavity, 
because it is occupied by a soft, highly vascular, and sensitive substance, called the 
dental pulp. This pulp (fig. 45, F) consists of jelly-like connective tissue containing 
cells, blood-vessels and nerves, and fine fibres. The fibres appear to be formed fi-om 
processes of the cells : according to Rose they are not collagenous, although a few 
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bnndles of ordinary collagenous connective tissue fibres may accompany the blood- 
vessels and nerves. The cells are partly disseminated in the matrix, and partly form 
a stratum at the surface of the pulp, where, during the formation of dentine, they arc 
elongated, somewhat like the cells of columnar epithelium (see fig. 05, c, p. 44), 
but after the dentine is completely formed they become flattened like the osteoblasts 
under the periosteum of bone. These superficial cells {odontoblasts, fig. 45, Od, Od^) 
send processes into tubules in the dentine, to be afterwards noticed, of which more 
than one may come from the same cell. The filaments within the tubules were first 
noticed by J. Tomes, and are known as Tomes' fibres. The arteries and nerves, 
which are derived from the internal maxillary and fifth pair respectively, enter by 




Fig. 45. — Skction across thk root op a touxq tooth showing its pulp in situ. (Rose.) >|^*. 

P, pulp ; r, r, veins ; A^ A, arteries ; iV, nerve-bundles ; Od, columnar odontoblasts still 
depositing dentine ; Od, flattened odontoblasts, which have ceased to form dentine. 

the aperture at the point of each fang. The vessels form a capillary network 
beneath the superficial cells; the nerves end in fine non-medullated fibrils, which 
are distributed abundantly at the surface of the pulp and run up between the 
superficial cells, but they have not been traced into the dentinal tubules. 

Weil has described a clear layer {haml layer) under the odontoblasts, pervaded with 
fibres, which he regards as derived from the odontoblasts. It is, however, somewhat 
uncertain whether the layer described is not an artefact, due to the shrinking of the main 
mass of the pulp from the layer of odontoblasts. It is only seen in the crown of the 
teeth. No lymphatics have been seen in the pulp. 

Hard tissues of the teeth. — The hard part of a tooth is composed of three 
distinct substances, — viz., the proper dental substance, ivory or dentine, the enamel. 
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and the cement or crusta pefrosa. The dentine constitutes bj far the larger portion : 
the enamel is found only upon the exposed part or crown ; and the cement covers 
with a thin layer the surface of the fang. 

The dentine (Owen) resembles bone in its general aspect and chemical 
constitution, but is not identical with it in structure. 

The dentine of human teeth is composed of 28 parts per cent, of animal, and 72 of earthy 
matter. The former is resolved into gelatin by boiling. The composition of the latter. 




Fig. 46. — Section of a tooth across the crown. (Rnuber. ) f 

a, dentine, the tubules cut longitudinally ; a', the same cut obliquely ; a", the same cut across ; 
c, enamel, showing contour lines ^5) ; d, d^ portions of the pulp cavity extending into the cusps, with 
the dentinal tubes converging horizontally towards them (1). 

according to Bibra, is as follows, viz., phosphate of lime 66*7 per cent., carbonate of lime 3*3, 
phosphate of magnesia and other salts, inclnding a trace of fluoride of calcium, VS. Berzelius 
found 5*3 carbonate of lime. 

The dentine is penetrated throughout by fine tubes (dentinal tubes), which being 
nearly parallel, give it a striated aspect (tigs. 46, 47). When a thin section of a 

Fig. 47. — Section op thk samk tootu 
ACROSS the fang. (Raubcr.) f 

G, pulp cavity ; 6, dentine ; (?, cement ; 
1 , incremental lines ; 2, granular layer. 

macerated tooth, prepared by 
grinding, is viewed under the 
microscope by transmitted light, 
the solid substance, or matrix, is 
transparent and apparently homo- 
geneous, while the tubes, being (in 
a dried specimen) filled with air, 
are dark ; but when seen with reflected light on a dark ground, the latter appear 
white ; in these respects they resemble lacunae and canaliculi of bone. 

The dentinal tuhules open at their inner ends into the pulp-cavity, which has 
accordingly very numerous minute orifices over the whole surface. Thence they 
pass in a radiated manner through eveiy part of the ivory towards its periphery. 
In the upper part of the crown they have a vertical direction ; but towards the 
sides, and in the neck and root, they become gradually oblique, then horizontal, and 
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are finally even inclined downwards towards the point of the fang. The tubules 
describe in their course two or three gentle curves {primary curvatures, fig. 35), 
and each is besides twisted throughout its whole length into numerous fine spiral 
turns, which follow more closely one upon another ; these are the secondary curva- 
tures (fig. 48). In form a tubule may accordingly be likened to the thread of a 
corkscrew, stretched so that the turns are drawn far apart, and their breadth 
proportionally diminished (Welcker). 

The tubes are only slightly divergent as they pass towards the surface ; and, as 
they occasionally divide dichotomously, and at first without being much diminished 
in size, they continue to occupy the substance of the dentine at almost equal 
distances, and their nearly parallel primary curvatures produce, by the manner in 
which they reflect the light, an appearance of concentric undulations in the dentine. 



Fig. 48.— Srctiok of fang, parallel to th« dektisal 
TUBULR8 (human canine). Magnified 300 diameters. 
(Waldeyer.) 

1, cement, with large bone lacuna and indications of 
lamellse ; 2, granular layer of Purkinje (interglobular 
spaces) ; 3, dentinal tubules. 

which may be well seen with a low magnifying 
power (Schreger's lines). The average diameter 
of the tubules at their inner and larger end is 
0*0055 mm., and the distance between adjacent 
tubules is commonly about two or three times 
their width. From their sides, numerous im- 
measurably fine branches are given otF, which 
penetrate the hard intertubular substance, where 
they either anastomose or terminate blindly. 
These lateral ramuscules are more abundant in 
the fang. Near the periphery of the ivory the 
tubules, which by division and subdivision have 
become very fine, terminate imperceptibly by 
free ends. 

The tubules have each a proper wall {dentinal 
sheath of Neumann) independent of the inter- 
tubular matrix, but intimately adhering to it. 
By steeping sections of decalcified dentine in 
strong hydrochloric acid, the matrix is destroyed, 
and the membranous tubes, which consist of a 
more resisting material (probably elastic substance), remain behind, 
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Rose states 



that these sheaths, which are formed of dentinal matrix which calcifies either late or 
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Fig. 49.— Sections of dentinal tubules. (After Praenkel.) 
a, cat across ; 6, cut obliquely. (About 300 diameters. ) 

not at all, anastomose freely, and that it is their anastomoses which 
have been often taken for that of the tubules themselves. 

la the temporary, and sometimes even in the permanent teeth, 
the tubules are constricted at short intervals, so as to present a 
moniliform character. The terminal branches of tubules are 
occasionally seen to pass on into the cement which^covers the fang, and to commu- 
nicate with canaliculi proceeding from the characteristic lacunae found in that 
osseous layer. Tubules have likewise been observed by Tomes and others passing 
into the enamel in the teeth of marsupial animals, and in a less marked degree, 
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in human teeth. In this case they pass, not into the enamel prisms, but into the 
inter-prismatic substance. 

The interhihular substance is translucent. The animal matter which remains 
after the earth has been removed by an acid, may be torn into laminas (Sharpey), 



Fig. 50. — Vertical skction of the upper part op an 
INCISOR TOOTH. (From KolUker.) Maonipied 7 dia- 
meters. 

a, the pulp-cavity ; 6, dentine ; c, arched incremental 
lilies ; d^ cement ; «, enamel, with bands indicating the direc- 
tion of the ranges of fibres ; /, coloured lines of the enamel. 

parallel with the internal surface of the pulp-cavity, 
and therefore across the direction of the tubules. 
It has been shown by Ebner and Mummery that 
the matrix contains fine fibrils like those of the 
matrix of bone. These fibrils are not themselves 
calcified but are enveloped in the calcified inter- 
fibrillar substance, and, according to Mummery, 
are continuous with fibrils of the dental pulp. 

The laminated structure is an indication of the 
deposition of dentinal substance in successive strata 
in the process of formation of the tooth — the 
laminae corresponding with the shape of the pulp- 
surface at successive stages of the process. Not 
unfrequently lines, var}'ing in number and breadth, 
are seen in sections of the dry tooth, conforming in 
direction with the lamination just spoken of {incre- 
mental lines, Suiter, fig. 50, c). They are caused 
by the drying of imperfectly calcified dentine, 
which shows little cavities bounded by, and therefore receiving their figure from, 
minute nodules or globules of dentine, and hence named interglobular spaces (fig. 
51, c). The interglobular spaces, and the globules surrounding them, vary in size 
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Fig. 51. — A SMALL PORTION 
INTERGLOBULAR SPACES. 
DIAMETERS. 

c, portion of incremental line formed by the inter- 



OP THE DENTINE 

(From Kolliker.) 



globular spaces, which are here filled up by the trans- 
parent material used in mounting the specimen. 

within wide limits. A layer, in which they 
are very fine— ^anwtor layer (fig. 48, 2) — is^ 
not uncommonly found towards the outer 
surface of the dentine. 

The enamel is that hard white covering 
which encrusts and protects the exposed 
portion or crown of a tooth. It is the 
hardest of all the dental tissues, but is gradually worn down by protracted use. It 
is thickest on the grinding surface and cutting edge of the teeth, and becomes 
gradually thinner towards the neck, where it ceases. 

According to Bibra, it contains of earthy constituents 96'5 per cent., viz., phosphate of 
lime with traces of fluoride of calcium >^^J''^, carbonate of lime 4*4, phosphate of maiifnesia and 
other salts TH, and of animal matter only 3*5 per cent. Berzelius, however, gave the 
proportion of carbonate of lime as 8, and of animal matter as only 2 per cent. 
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The enamel is made up entirely of very bard and dense microscopic columns or 
prisms, arranged closely together, side by side, and set by one extremity upon the 

Fig. 62. — Section of part of the crown of a tooth, 

PARALLEL WITH THE GENERAL SET OF THE ENAMEL 

PRISMS. (Bauber.) -^^ 

a, pointed projection of dentine ; b, tubulea extending 
from the dentine into the enamel ; c, enamel prisms ; d, prisms 
cot across ; e, cuticle of the enamel. 

subjacent surface of the dentine (fig. 52). The 

columns are disposed in ranges, which, on the 

grinding surface, are set vertically, but on the sides 

of the crown get more horizontal. Near the 

dentine the prisms cross one another in the alternate 

ranges, but become parallel as they approach the 

surface of the tooth. An effect of radial alternate 

light and dark stripes is obtained (as in fig. 50) 

(A. Retzius). A series of concentric lines is 

likewise to be seen crossing the enamel fibres : 

these are termed coloured lines from their brown 

appearance. According to Ebner, these are 

produced by some of the inter-prismatic spaces 

becoming in the dried tooth filled with air. 

Minute fissures not unfrequently exist in the 

deep part of the enamel, which run between clusters of the prisms down to the 

surface of the dentine (fig. 58, c) ; and other much larger and more evident fissures 

Fig. 53. — Thin section of the enamel and a part of the dentine. 
(From KbUiker.) 350 diameters. 

a, cuticle of the enamel ; b, enamel-fibres or columns with fissures 
between them and cross striae ; c, clefts in the enamel communicating 
with the extremities of some of the dentinal tubules {d). 

are often observed leading down from the depressions or 
crevices between the cusps of the molar and premolar teeth. 
The unworn surface of the enamel is finely striated. 

The enamel-columns (fig. 52) have the form of solid six- 
sided prisms. Their diameter is ordinarily about 0*005 nma. 
They are marked by frequent dark transverse shadings, 
which are usually ascribed to the existence of shallow con- 
strictions along the fibres. Although this may be in part 
the cause, it is not improbable that the transverse markings 
are largely the result of the manner in which the prisms are 
built up in successive stages by the cells which produce them, 
each marking representing the termination of a stage. The 
inner ends of the prisms are implanted in minute hexagonal 
depressions on the surface of the dentine ; whilst the outer 
ends are free, and present, when examined with a high 
magnifying power, a tesselated appearance {fig, 54, b). The 
prisms are united by a small amount of a substance which 
appears similar to the intercellular substance of an epithelium, but is perhaps 
calcified. In marenpials and some rodents there are regular canaliculi in this 
interprismatic substance. 

D 2 




36 



ORGANS OF DIGESTION. 



When submitted to the action of dilute acids, the enamel is almost entirely 
dissolved, and leaves scarcely any discernible traces of animal matter. The centre 





Fig. 54.— Enamel-prisms, (From Kblliker.) 350 diameters. 

A, fragments and single columns of the enamel, isolated by the action of hydrochloric acid. 
B,* surface of a small fragment of enamel, showing the hexagonal ends of the prisms. 

of the prisms is first dissolved, showing this part to be less firmly calcified than the 
periphery. After exposure for a short time to the action of an acid, the enamel of 

Fig. 55. — Section op the pano op a tooth 

SHOWING dentine AND CEMENT TOGETHER 
WITH THE DENTAL PERIOSTEUM. (Rose. ) 

Ep.f nests of epithelial cells within the 
dental peiiosteum which are the remains of the 
epithelial sheath of Hertwig ; 0., osteoblasts 
which have formed the cement : A'., lacuna of 
the cement ; /., granular layer of the dentine ; 
/>, dentine. 

newly formed or still growing teeth 
may be broken up, and its structural 
elements more easily distinguished. In 
broken enamel prisms thus treated a 
longitudinally striated structure has 
been described (Annell). 

It is further fouud, on treatment 
with acid, that a very thin membrane 
I J !, I y f I {enamel cuticle^ NasmytKs membrane) 

' ) ' / i'\' M i I 1 1 entirely covers the enamel of unworn 

L' ' 1 j 1 , I I j \ teeth upon its outer surface (figs. 52, 

\ \ \ ,; I ; / 'i ^ 53). This membrane forms a protective 

' I \i covering to the enamel. It is of an 

' ' epithelial and horny nature, and with- 

stands prolonged boiling as well as the action of acids and other re-agents. It is 
formed of short flattened prisms which are the remains of the last formed portions 
of the enamel prisms, and which have remained uncalcified. After the action of 
nitrate of silver, it exhibits markings like those seen in a pavement epithelium. 

The cmsta petrosa or cement is the third substance which enters into the 
formation of the teeth. This is a layer of true bone, slightly modified in stnicture. 
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and investing that part of the dentine which is not protected by the enamel. It 
covers the whole fang, towards the lower end of which it becomes gradually thicker, 
and is specially developed at the apex, and along the grooves of the compound 
fangs. As life advances, the cement generally grows thicker, especially near the 
point of the fang, where it sometimes blocks up the orifice leading to the pulp- 
cavity. 

The crusta petrosa is lamellar in structure, and contains lacunas and canaliculi 
resembling those of bone but larger and more irregular (fig. 55, K). Where the 
cement is very thick it may contain Haversian canals. On the milk teeth the 
cement is thinner, and contains fewer cells. Perforating and decussating fibres, 
similar to those of ordinary bone, occur in the cement. It is covered externally 
by the dental periosteum, by means of which it is firmly fixed into its bony socket. 

YARXXTIXB OF DKNTINX. 
Certain varieties of hard tissue are liable to be formed in the pulp-cavity of a tooth after 
the regular production of the dentine is completed. The two chief kinds hitherto described 
are the following : — 

1. Ostaodentine (Owen). — This is a hard substance which sometimes becomes deposited 
within the pulp-cavity, somewhat resembling bone in structure. It is traversed by canals, 

d 
Pig. 56. — Longitudinal section of incisor tooth showinq dkktine op 
RKPAiR. Sli&htlt maonipied. (Beduced from Salter.) 

dj d\ denoded surfaces of dentine ; r, r', corresponding deposits of 
secondary dentine. Two or three incremental lines are observed in the 
dentine. 

which contain blood-vessels and pulp-tissue, and may be surrounded 
by concentric lamellae like the Haversian canals of bone. From these 
canals numerous tubules radiate, larger than the canaliculi of bone, 
resembling, in this respect, and also in their mode of ramification, the 
tubes of the dentine. It may or may not coalesce with the previously 
formed dentine. 

2. Secondary dentine. Dentine of repair (Salter). — 'NVlien the 
outer surface of the dentine becomes denuded at any place, so that the 
peripheral ends of the tubules are there exposed, as may happen 
in the crown from injury or wear of the enamel, or at the cervix 
from continued friction and abrasion of the cement, a deposition of 
dentinal matter occurs on the inner surface of the dentine exactly 
corresponding in position and extent with the area occupied by 
the central ends of the exposed tubules. Many of the affected 
tubules become subsequently filled up by a deposit of hard matter 
within them, so that on section both the secondary dentine and 
the corresx)onding part of the primary dentine appear clearer 
and more transparent than the remainder of the dentinal substance 
(see fig. 56). 

When the surface- injury has been considerable, the dentine 
of repair is largely in excess, and may in such cases completely 
cavity.* 

DBVBIiOPMBNT OF THE TBETH.- 

The first trace of the teeth appears during the sixth week of intra-uterine life (in 
embryos of 11 mm. to 12 mm. long) in the form of a longitudinal thickening of the 
epithelium of the mouth along the line of the fiature jaw. The thickening in 
question is produced by multiplication of the deeper-lying cells of the epithelium, 
and in some animals, e.g,^ ruminants, is marked by a prominence raised above the 
general level of the epithelial surface. A prominence is found in the human 

^ In some animab other kinds of dentine aro found ; for a description of these, and other details 
regarding the atnicture and development of the teeth ofi» vertebrates, the student is referred to the 
»* Manual of Dental Anatomy," by C. S. Tomes, F.R.S. 

2 The folloiK'ing account of the development of the teeth is mainly based upon the description given 
by Rose. 
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embryo for a very short time, and at one point only of the jaw. Nevertheless 
it is considered by Rose of great morphological importance, as representing a 
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Fig. 57. — Figures (from G. Rose's models) showing four successive staged in the development 

OF THE DENTAL LAMINA AND TOOTH GERMS OF THE MILK TEETH OF THE UPPER JAW. OnLT TBB 
BUCCAL EPITHELIUM AND THE EPITHELIAL STRUCTURES OF TUB TOOTH GERMS ARE REPRESENTED, 
AND EVERYTHING IS SHOWN AS SKEN FROM ABOVE. 

1. From an embr}-o 25 ram. long. — rf./., dental lamina ; 3/., aperture of mouth. 

2. From an embryo 40 mm. long. — iV., mouth ; Z./., reverse of labio-dental furrow ; d.l., dental 
lamina ; p.^ mould for papilla of milk canine ; jd^ mould for papilla of second milk molar. 

8. From an embryo 115 mm. long. — L.y epithelial layer of upper lip ; /./"., reverse of labio-dental 
furrow : d.L, dental lamina ; m.t'J, epithelial rudiment of first milk incisor ; m.t.^ m.e.^ m.m.^, «R.m.-, 
epithelial rudiments of second milk incisor, and of milk canine, and first and second molars respectively. 



4. From an embryo 180 mm. 
ment of first permanent molar. 



long. — m.i.^f wi.i.", m.c, m.m.^, and m,m.^, as before ; »i.*, rudi- 



vestige of the primitive larval epithelial teeth which occur in fishes and amphibians. 
The longitudinal epiblastic thickening prows into the mesoblasc, as a strand 
of cells which is at first semicircular in section, and the mesoblast encloses 
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it in a coatinuous groove ; for there is at first no indication of the formation of 
separate teeth. The strand in question has been called the *' dental lamina'' 
(Zahnleiste) : it is also known as the " common enamel germ," because some of its 
cells are concerned in the production of the enamel of the teeth. But it is not 
merely a dental germ, for before long (embryo of 17 mm., or seventh week) it is 
foand that the originally simple strand of cells is separating longitudinally into 
two. One of these, the outer, or labial, which dips vertically into the embryonic 
jaw, becomes hollowed out from the surface to form the labio-dental furrow, 
and may accordingly be termed the labio-dental strand, whilst the other, lingual or 
inner part, takes at first a vertical and then an inward (lingual) direction, and is the 
actual tract of cells in connection with which the teeth of both dentitions subsequently 

Fig. 58.— Palatine surfack of the model 

WHICH IS SHOWN FROM ABOVE IK FIO. 57, 3. 

P, palate ; Z, upper lip ; rf././., labio-dental 
furrow ; rf./., dental furrow. 

become developed. The name denial 
lamina, or common dental ijerm^ should 
therefore be retained for this portion 
of the original strand of epiblast cells 
alone. The separation of the two 
strands begins in front and extends 
gradually backwards : it is not com- 
plete until the eleventh or twelfth week. 
The dental lamina, when thus separated 
from the labio-dental strand, forms a 
flat band of cells (fig. 57, 1, d.l) con- 
nected by one edge with the epithelium 
lining the mouth, whilst the other, or 
free edge, projects almost horizontally 
inwards (/.«., tongue-wards) in the 
substance of the embryonic jaw. Sub- 
sequently, however, as the milk teeth 
develop, it takes a vertical direction. 
Over the line of its attachment to the 
epithelium of the mouth there is a shal- 
low furrow, the dental furvQiv (fig. 58, 
d.f.\ which is at first rather outside (or 

on the labial side of) the most prominent part of the jaw, but gradually comes to lie 
further inwards. At about nine weeks (embryo of 25 mm.) the free border of the 
dental lamina begins to exhibit ten enlargements in each jaw corresponding in situa- 
tion to the ten milk teeth. At ten weeks (embryo of 82 mm.) these enlargements 
show a moulding on one of their surfaces (upper in the upper jaw and lower in the 
lower) (fig. 57, 2,/?.,/;.*), and the adjacent mesoblast fits against this moulded surface 
and becomes differentiated into the form of a papilla, which thus at once begins to 
have the shape of the crown of the future toor.h, being simple in the incisors and 
multiple in the molars.^ The papillce have all appeared by eleven and a half weeks, 
and the enlargements of the dental lamina, which are now very evident, grow around 

1 " Dental germ " is used instead oC the former expression ''enamel germ,'* because the cells in 
question not only form enamel, but also appear to determine the formation of dentine (by the mesoblast 
cells in contact with them) (see p. 46). 

' In the canines, however, the papilla is at first double, not single. It has been suggested that this 
is probably an indication of the originally premolar character of these teeth. 
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and gradually invest the papillas at their sides also. The dentine and pulp of the 
milk teeth are formed from these papillae, whilst the enlargements of the dental 
lamina which invest them form special denial germs for those teeth, to which also 
they furnish the. enamel. 

In the meantime the dental lamina has grown further inwards (tongue-wards) 
beyond these prominent special dental germs, which appear now as ten rounded 
masses of cells attached to the labial side of the flat common dental lamina ^' like 
swallows' nests built against a board" (fig. 57, 3). The common dental germ 
extends backwards in the substance of the jaw a short distance behind the last 
of these special dental germs for the milk-teeth. This backward extension of 
the dental lamina is not directly connected with the buccal epithelium. At 
about seventeen weeks (embryo of 18 centimeters long) it shows another 



Fig. 59. — Gingival surface of thb 

XODKL WHICH IS SHOWN FROM 
ABOVE IN FIG. 57, 4. 

P., palate ; Z., upper lip ; l.d.f.^ 
labio-dental furrow ; d/., dentil fur- 
row ; d.l., prominence caused by dental 
lamina with its enlai^ments. 

enlargement, which is the special 
germ of the first permanent 
molar, and, in connection with 
this enlargement, the corre- 
sponding papilla soon makes its 
appearance (fig. 57, 4, w^). Behind 
this again the dental lamina is 
continued backwards into the gum 
as a thin fiat band of epithelium. 
About four months after birth an 
enlargement for the second per- 
manent molar appears, and the 
corresponding papilla at six 
months, and about the third year 
the enlargement for the third 
permanent molar, or wisdom- 
tooth, begins to be visible in a 
still further backward extension 
of the dental lamina, and its 
papilla is seen about the fifth year. 
Meanwhile, important changes have been occurring in the dental lamina, in the 
attachments of the special germs to it, and in the special germs themselves. 

CluuigeB in the dental lamina. — The changes in the common dental lamina 
consist in the formation of numerous apertures of irregular size and form, with the 
result that from a complete flat band of cells it becomes partly atrophied and changed 
into a cribriform tract (fig. G8), so that in transverse sections of the jaw it appears to 
be broken up into separate portions (fig. 64). This is, however, not the case, 
although the lamina is pierced with apertures so as to be almost reticular in 
character. This atrophic change begins in front about the seventeenth week, and 
gradually extends backwards, but the most posterior part is still complete (non- 
cribriform) at the time of birth, and even for some time after. Moreover, at 
certain points the reticulation is absent, viz., on the lingual side of and slightly 
lateral to the special germ of each milk-tooth, and at these points the dental lamina 
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again undergoes a thickening. These thickenings become the special enamel germs 
for the teeth of succession of the second dentition. In connection with each one a 
papilla becomes formed in the same way as for the milk teeth, but by no means 
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Fig. 60. — Sagittal section throuoh thr first lower milk molar of a huxan embryo 
30 mm. lokq. (Rose.) -4^. 

L.E.L.y labio-dental lamina, here separated from aod well in advance of the dental lamina ; 
Z.L., placed over the shallow dental furrow, points to the dental lamina, which is spread out below to 
form the enamel germ of the future tooth ; P.p., bicuspidate i)apiUa, capped by the enamel germ ; 
Z.S.j condensed tissue forming dental sac ; M.E.^ mouth -epithelium. 

simultaneously, for the germs of the permanent incisors and canines are formed, 
along with their papillae, at about the twenty-fourth week (embryo of 30 cm.), 
whereas the enlargements of the dental lamina, which are eventually to form the 
enamel organs of the first and second premolars, are not visible until the twenty- 







Fig. 61. —Similar section through the canine tooth of an embryo 40 mm. lono. 

(Rose.) JL^. 
Z.i^., labio*dental farrow. The other lettering as in Fig. 60. 

ninth and thirty-third weeks respectively, and the corresponding papillae are not 
formed until the tenth and eighteenth months after birth. 

Changes in the connection between the special dental germs and the 
common dental germ. — The special dental germs are at first simply enlargements 
of the common germ which grow out on its lingual side. They soon become 
globular, and rapidly increase in size, and are then connected by a broad tract of 
cells with the common germ. This connecHng strand gradually gets thinner and 
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flatter, and, like the common dental lamina itself, becomes cribriform, so that in 
sections there appear to be breaches of its continuity. Its connection, however, 
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Fig. 62. — Section through 

THE OKRM OF THK FIRST 
MILK MOLAR OF A OOW's 
F<ETUS 47 MM. LONG. 

(Rose.) i*;-- 
P.f bicuspidate papilla ; 
Z.S., dental sac; M.E., 
moutk-epitbelium ; Z.W.^ its 
thickening over the dental 
germ, characteristic of Ruuii- 
iiuntia; S.E.^ enamel epi- 
thelium; S.P.f enamel pulp. 

wiih the common dental 
s:erm, and through this 
with the buccal epithe- 
lium on the one hand 
and the germ of the 
corresponding tooth of 
the secondary dentition 
on the other hand, long 
persists. As with the 
common lamina, this 
atrophic process begins 
in connection with the 
^^-- - fi'ontteeth,andgradually 

^ 1^ extends backwards, so 

that at birth the con- 
necting bands of the milk incisors are almost completely broken up, whilst that of 
the second milk molar is still uninterrupted. The common dental lamina and the 

Fig. 63. — Section of second milk incisor of 

AN EMBRYO 30 CENTIMETERS LONG. ThK 
epithelial structures only are REPRE- 
SENTED. (From a model by C. Rose. ) 
d,f. , dental furrow in the buccal epithelium ; 
d.Ly dental lamina now become cribriform ; />., 
space occupied by the papilla; d., dentine; 
«i., enamel of tne developing tooth ; en.or.^ 
enamel organ, its surface cribriform ; a.(/., 
adamantoblasts ; r., reticular tissue ; and o.f., 
outer epithelium of the enamel oi^n. 

bands connecting the special dental 
germs with it thus become ultimately 
broken up into separate fragments or 
islands of dental epithelium of varying 
size and form. Such *' islands'* are 
frequently seen in the infant near the 
surface of the gum, as pearl-like masses 
or nests, the so-called ** glands of 
Serres." Normally they have no 
functional importance, and gradually 
entirely disappear ; but, abnormally, 
they may give rise to cysts and other new formations, and in some cases fragments of 
dentine, and even more or less complete teeth, may become developed from them. 
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Changes in connection with the special dental germs. — The special 
dental germs are at first masses of rounded or polyhedral epithelial cells, but the 
outermost layer early shows a tendency to be columnar. This becomes pronounced 
as soon as the papilla begins to make its appearance, and now while the cells which 
immediately rest upon the papilla become long, regular prismatic columns, the central 
cells of the germ develop processes, fluid being at the same time secreted betw^een 
them. The result is the formation of a reticular tissue, which to the naked eye has 
the appearance of a jelly, to which the name of enamel-pulp has been applied 
(fig. 64, S.P,), The more peripheral cells do not participate in this change, but 
remain polyhedral or become cubical and flattened (outer enamel epithelium) ; they 
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Fig. 64. — Section of tbk virst hilk incisor op a human subrvo 30 ckntimktkrs lonq. 
Frontal srction through lower jaw. (Rose.) 

D,K.j papilla; Od,, odontoblasts; K,, bone of the alveolar process of the jaw ; S.E.a., S.E.t., 
outer and inner layers of the enamel oi^n ; S.P.j enamel pulp ; Z,F.f dental furrow ; Af.E., mouth- 
epithelium ; ^.L., remains of dental laniina ; V.B., cell bridge, connecting this with tooth germ; 
£,L., resenre germ for the permanent tooth ; J.Li/.f germ of second milk incisor cut obliquely across. 

pass gradually into the long columnar prisms which invest the papilla. These 
prisms are the cells which form the enamel fibres, and which determine by their 
presence the production of dentine by the superficial cells of the papilla. They may 
be termed the enamel-cells or adamantoblasts ; they form the memhrana adamantimB 
of Purkinje. The whole epithelial dental germ thus transformed is known as the 
enamel organ {arganon adamantinai of Purkinje). These changes begin in the 
milk incisors at about 14 weeks. At about 20 weeks (embryo of 24 cm.) the first 
traces of calcification are visible in the form of a simultaneous deposit of enamel 
and of dentine upon the crown of the central incisors. The outer enamel epithelium 
now begins to grow out into the surrounding connective tissue in the form of 
epithelial sprouts, and before long there seem to be breaches of continuity between 
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these sprouts ; but, aooordin<]^ to Rose, the enamel-pulp is never invaded by vascular 
connective tissj.e, as has been sometimes described. 

Changes in the meantime have been occurring in the dental papillae. These are 
composed at first of undifferentiated mesoblast ; but their more superficial cells — 
those which are immediately in contact with the columnar epithelium of the special 
dental germs — early become elongated, and abut by their distal end against that 
epithelium, whilst the other end is tapered, and may be branched like the other cells 
of the embryonic connective tissue. It is from this superficial layer of cells — which 
in sections have a palisade-like appearance — that the dentine becomes gradually 
formed, and they have accordingly received the name of odontoblusts. There is 
nothing of the nature of a membrane — the so-called memhrana preformativa — 
between the adamantoblasts and the odontoblasts, but the two layers abut at first the 
one against the other. 

Meanwhile the whole tooth-germ — papilla and enamel organ — has become in- 
cluded within a vascular membrane of connective tissue which is known as the 
dental sac. 

Formation of tiie dentine. — The odontoblasts, either by secretion or, as some 
think, by direct transformation of the peripheral end of each cell, form a layer of 
dentinal matrix immediately at the surface of the papilla at its apex, or if it have 
more than one cusp, then at the apex of each cusp. This layer is at first uncalcified. 

Fig. 65. — Section op developiko dentine from the 

INOISOB tooth op A YOUNG RAT. (E. A. S.) 

a, outer layer of fuUy formed dentine ; 6, uncalci- 
fied matrix, with one or two nodules of calcareous 
matter near the calcified part ; c, odontoblasts send- 
ing processes into the dentine ; d^ pulp. The section 
is stained with carmine, which colours the uncalcified 
matrix, but not the calcified part. 

and is probably the structure which used to 
be described as memhrana preformativa. 
Globules of calcareous matter soon begin to appear in it. They are at first isolated, 
but by further deposition of lime salts they become more or less blended into a con- 
tinuous calcification, which thus forms the first cap of dentine. In the meanwhile 
the odontoblasts have formed a second layer of uncalcified matrix within the first 
one, and calcification proceeds in this as in that. In like manner a succession of 
layers become formed, each one extending laterally rather further than its pre- 
decessor, and thus in teeth where there are at first separate deposits for difiPerent 
cusps these become ultimately blended, or as each successive layer is calcified its 
calcareous deposits blend with that of the preceding and more superficial layers. In 
places this blending remains incomplete, portions of the dentinal matrix remaining 
uncalcified between the successive layere ; and in a macerated tooth these portions 
get destroyed, and cleft-like spaces arise. Since these are bounded by calcified 
deposit which has been originally laid down in globules, they present a knobbed out- 
line, and are known as interglobular spaces. 

As the odontoblasts form the successive layers of dentine in the manner above 
described, they retire gradually towards the centre. But whilst thus retiring they 
leave in situ, in the layers of forming dentine, filamentous processes of cell-proto- 
plasm, themselves provided with finer side-processes, and the dentinal matrix 
becomes formed and moulded around these processes, leaving them within tubes 
which become dentinal tubules, whilst the processes of the odontoblasts become the 
fibres of Tomes. The same cell continues to spin out such a filament in this manner 
as long as the formation of dentine continues, each tubule being thus completed in 
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its whole length from a single odontoblast. In many cases two or more processes 
are connected with each cell at first, and these coalesce as the cell recedes, the main 
branches of the dentinal tubules being thus formed. 

The other cells of the dental papilla which are not immediately concerned in the 
formation of dentine become, as the tooth approaches completion, the cells of the 
dental pulp. 

Formation of the enamel. — The prismatic fibres which compose the enamel 
of the teeth appear to be formed by the direct agency of the ends of the adamanto- 
blasts which abut against the dental papilla. In connection with each of these cells 
at the end in question a finely globular deposit occurs (Annell), which stains with 
osmic acid and i*esembles keratin in its extreme resistance to the action of mineral 
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Fig. 66. — Part of thk emamkl organ of the oakinb of a tounq kittkn. (Rose.) ^K 

d.f Buperficial layer of dentine ; f., newly forming enamel stained black by osmic acid ; jT.. Tomes' 
processes from the adamantoblasts, ad. ; $tr,int,f stratum intermediom of the enamel organ; p., branched 
cells of the enamel palp. 

acids (enamel dropletSy v. Spec). The layer which is thereby formed, and which is 
not yet calcified, is outside the main body of the adamantoblasts — although a process 
irom each adamantoblast extends into it as a tapering ^hre (process of Tomss) — ^and 
it is usually produced simultaneously with the first layer of uncalcified dentine 
against which it is applied. Before long it undergoes calcification, and the first 
layer of enamel is then complete. After a time the adamantoblasts yield a second 
layer of keratin-like material, and from this after calcification has invaded it, another 
stratum of enamel is formed, and so on. As with the dentine, the formation of enamel 
appears first at the apex of each cusp, so that there are at first as many caps as 
cusps. Whilst these changes are being effected, the adamantoblasts gradually retire 
as the successive layers of the enamel are being produced by them, and this gradual 
shifting goes on as long as the formation of enamel continues — that is to say, until 
the crown of the tooth is completed. By this time the enamel pulp has greatly 
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diminished, and in fact almost disappeared, and the remainder of the enamel organ 
forms a thin epithelial cap over the crown, which soon disappears on the emergence 
of the tooth beyond the gum. Bnt besides this epithelial cap., and underneath it, 
there is a very thin membrane, which is more persistent, and covers the crowns of 
the teeth for some little while after their emergence (fig. 52, e, e). This is Nas^nytKs 
membrane^ or the enamel cuticle^ and, according to v. Brunn, it is the last formed 
keratinous layer of enamel which has remained uncalcified. 
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Fig. 67.— Longitudinal skction op the lowsr part op a orowino tooth, thk grown op which 

IS PORMED, SHOWING THK KXTKNSION OP THE LAYER OP ADAM ANTO BLASTS BKTOND THE GROWN TO 
MARK OPP THE LIMIT OP FORMATION OP THE DENTINE OP THE ROOT. (Rose. ) 

p^f pulp ; od.i odontoblasts ; d., dentine ; en., enamel ; ad.^ adamantoblasts, continuous beloH 
^ith, ep.sck.f the epithelial sheath of Hertwig. 

Fig. 68. — Section similar to that shown in pig. 67, but from a tooth more advanced 

IN growth. 
ep, sh., epithelial sheath ; ep,' th'.y remnants of this, overlying dentine of fang. 

It has usually been considered (Tomes, Waldeyer and others) that the enamel prisms are 
formed by direct calcification in ttlfu of the inner ends of the adamantoblasts, the outer 
nucleated end g'rowinjTi^/yWi'fl**!/ with the extent of the inner end which has thus been 
converted into enamel. But a different view has been taken by some authorities, viz. that 
the layer of adamantoblasts sheds out the substance within which calcareous matter is sub** 
sequently deposited ; the enamel prisms being formed therefore rather as a secretion from the 
adamantoblasts than by transformation in «itu. This is supported by the readiness with 
which the adamantoblasts separate from the enamel, but on the other hand it is more difficult 
if it is accepted to account for the fact that the enamel prisms take the exact diameter and 
shape of the adamantoblasts. The view seems to me to be corroborated by appearances seen 
in sections which have been placed at my disposal by Mr. J. L. Williams, which show a 
well-marked layer of highly refractive globules imbedded in a fibrinous-looking matrix lying 
between the adamantoblasts and the already formed strata of enamel. 

Formation of the cement. — The roots of the teeth are gradually formed 
shortly before the time for the emergence of the crowns beyond the gum, but they 
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are not completed until long after the crowns have come through. They are deter- 
mined in their form —moulded, as it were — by a growth of the epithelium of the 
dental genu, which extends in the form of a fold, the so-called e^nthelial sheath, 
(fig. 67) towards the future apex of each fang (v. Brunn). On the inner or papilla 
surface of this sheath odontoblasts form dentine, as in the crown, and thus the 
root is gradually produced. The epithelial sheath becomes gradually atrophied and 
ultimately broken up into isolated portions, which may be seen occasionally, even in 
the adult, as epithelial islands, in the connective tissue of the dental periosteum 
(fig. 55;. 

C. Tomes has shown that an epithelial sheath is formed in the same manner, even in the 
teeth of animals (e.g.f Taturia) in which the dental germ produces no enamel at all. 

After the formation of the dentiue of the root has begun, the vascular tissue of 
the dental sac begins to break through the epithelial sheath near the crown, and 
forms a layer of bone-forming tissue at the surface of the newly-deposited dentine. 
The osteoblasts of this tissue deposit layers of true bone, with osteogenic fibres^ 
lacunae, and canaliculi, upon the surface of the dentine of the root, and these layers 
form the cement of the fang. The very apex of each fang, which is the last part to 
be produced, is formed wholly of cement, for the epithelial sheath which determines 
the formation of dentine, never extends quite as far as the permanent apex. 

In some animals the cement of the teeth is preceded by the formation of cartilage, which 
becomes ossified as in the endochondral formation of bone (Magitot, v. Brunn). According to 
Magitot. in animals such as ruminants in which the cement covers the crown, a special 
cartilaginous '* cement organ '' is developed for the production of this cement. It is question- 
able, however, whether the cartilaginous tissue which gives origin to this cement is sufficiently 
specialized to deserve a distinct name. 

The dental sacs are well seen in the jaw of an infant a few months old, before 
the eruption of the teeth. They are represented at this state in fig. 69. They 

Fig. 69. — The dental sacs rxposkd in 

THB JAW OP A CHILD AT BIKTH. 

a, the left half seen from the inner side ; 
b, the right half shown from the outer side ; 
part of the bone has been removed so as to 
expose the dental sacs as they lie below the 
gum ; the lower figure shows the sacs of the 
milk teeth and the first permanent molar, 
exposed by removing the bone from the 
outside ; the upper figure shows the same 
from the inside, together with the sacs of 
the permanent incisor and canine teeth 
adhering to the gum. 

consist of an outer fibro-vascular 
coat connected with the periosteum, 
and an inner highly vascular layer 
with a little jelly-like tissue inter- 
posed between the two. The inner 
coat is lined with the epithelium of 

the enamel organ to be hereafter described. Their blood-vessels are derived partly 
from the dental arteries which couree along the base of the sacs, and partly from 
those of the gums. Their extreme vascularity doubtless has relation to the nutrition 
of the euamel organ. 

At birth the crowns of all the milk incisors and canines are fairly advanced in 
calcification. The separated cusps of the milk molars have also blended, and the 
calcification of the first permanent molar is just beginning in the form of separate 
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caps for each cusp, one of which has usually appeared at birth, and the others follow 
shortly after. These, however, do not run together until six months after birth. 

The germs of the permanent incisors and canines are visible to the naked eye at 
birth, lying behind and slightly lateral to the corresponding milk-teeth ; but there 
is no trace as yet either of the premolars or of the second permanent molar. The 
last-mentioned makes its appearance between four and six months after birth, the 
papilla of the firat premolar about the tenth month, and that of the second premolar 
about the eighteenth month. At two years, when the second milk molars are 
just coming through the gum, the crown of the first permnnent molar is finished, 
but there are still only isolated cusps on the second permanent molai* of the upper 
jaw, and none on the second permanent molar of the lower jaw. In the premolars 
also the (two) cusps are still separate at this time. 

The various phases in the formation of the teeth occur almost simultaneously in 
the corresponding teeth of both jaws. 
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Fig. 70. — Different stages in the formation of a molar tooth with two fangs. (From Blake. 

1, the distinct cape of dentine for five cusps in the earliest stage of formation ; in 2, and the 
remaining figures, the crown is downwards ; in 2 and 3, the formation of the crown having proceeded 
as far as the neck, a bridge of dentine stretches across the base of the tooth-pulp ; and in 4, the 
division of the fangs is thus completed ; in 6, 6, and 7, the extension takes place in the fangs. 

Formation of the alveoli. — All the tooth germs are at first included in a 
common trough or groove, which encloses the whole dental lamina and the adjacent 
connective tissue. This begins to be formed at about 14 weeks (embryo of 
Hi cm.). Bony septa subsequently become formed and subdivide the trough into 
loculi, but even at birth these septa are incomplete, and up to this time, and even 
later, both the milk tooth and the corresponding permanent tooth germ are enclosed 
in the same loculus. As the fangs become developed the loculi deepen and also 
become subdivided to form separate cavities for the teeth of both first and second 
dentition. Around the milk-teeth they become narrowed to form alveoli which 

Fig. 71. — Diagram (after Wslckbr) 

SHOWING ON THE LEFT SIDE TUB 
ORDER, AMD ON THE RIGHT SIDE 
THE TIME (in HONTHS) OF APPEAR- 
ANCE OF THE MILK TEETH OF THE 

UPPER JAW. (Rauber.) 

closely invest the roots ; but 
although the whole of the de- 
veloping tooth is at one time 
embedded in the cavity of the 
alveolus, the bone never com- 
pletely closes over it, an aperture 
being always left over the crown, 
through which the dental sac is 
connected by soft tissues with 
the surface of the gum. In the same way, when the teeth of the second dentition 
become invested within alveoli, these always have a narrow opening through which 
the so-called guhernaculum defiiis, a band of connective tissue containing remains 
of the common dental lamina, passes. 
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Sraption of the milk-teeth. — The eraption of the teeth does not occnr in 
regnlar succession from behind forwards, and by a gradual and continuous process, 
but in batches, with intervals of repose between the successive batches. The follow- 
ing shows the most usual time of eruption (C. S. Tomes). The first to appear are 
the lower central incisors, at six to nine months. Their eruption is rapid, and is 
completed in about' ten days ; then follows a resting period of two or three months, 
after which the upper incisors appear, both central and lateral. Then, after a rest 
of a few months, come the lower lateral incisors and the first molars ; then, after 
four or five months, the canines, and finally, about the second year, the second 
molars. 

Table of Eruption of the Milk-Teeth. 

Lower central incisors 6 to 9 months. 

Upper incisors 8 to 10 months. 

Lower lateral incisors and first molars. 15 to 21 months. 

Canines 16 to 20 months. 

Second molars 20 to 24 months. 

Derelopment of the permanent Teeth. — Ten permanent teeth in each jaw 
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Fig. 72. — Skstchks showing the relations op the tbmporart and permanent dental sacs and 
TEETH. (After BlakA, with some additions. ) 

The lower parts of the first three figures, which are somewhat enlarged, represent sections of the 
lower jaw throaj;h the alveolas of a temporary incisor tooth : a, indicates the sac of the permanent 
tooth ; c, its pedicle ; b, the sac of the milk tooth or the milk tobth itself ; a\ h\ indicate the bony 
recesses in which the permanent and temporary teeth are lodged, and e\ the canal by which that of the 
former leads to the surface of the bone behind the alveolus of the temporary tooth. The fourth and fifth 
figures, which are nearly of the natural size, show the same relations in a more advanced stage, in IV., 
previous to the change of teeth, in V., when the milk-tooth has fallen out and the permanent tooth 
begins to rise in the jaw ; c, the orifice of the bony canal leading to the place of the permanent tooth. 

sacceed the milk-teeth, and six are superadded further back in the jaw. It will be 
convenient to treat first of the ten anterior teeth or feefh of succemon. 

The sacs and pulps of these teeth have their foundations laid before birth in 
the way already described. It will be remembered that behind and lateral to each 
milk-follicle there is found about the sixteenth week a thickening of the common 
dental lamina (pp. 40, 41, and fig. r>4, E.L,\ and this forms the enamel-germ of the 
corresponding permanent tooth. They are ten in number in each jaw, and are 
formed successively from before backwards. These germs soon elongate and n^cede 
into the substance of the gum behind the germs of the milk-teeth. In the mean- 
time, a papilla is formed at the bottom of each enamel germ (that for the central 
incisor appearing first) and the germs become each enclosed within a dental sac. ihoi 
sac of the permanent tooth adhering to the back of that for the temporary t^uah. 
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The bone of the jaw not only forms a cell for the reception of the milk sac, 
but ultimately also a small posterior recess or niche for the permanent tooth-sac, with 
which the recess keeps pace in its growth. In the lower jaw, to which our descrip- 
tion may now, for convenience, be confined, the permanent sac is at length found at 
some distance below and behind the milk-tooth ; the sac for the permanent tooth 
acquiring at first a pear-shape, and being then connected with the gum by a solid 
pedicle of fibrous tissue (fig. 72, I., II., c). The recess in the jaw (a') has a similar 
form, drawn out into a long canal for the pedicle, which opens on the edge of the 
jaw, by an aperture behind the corresponding milk-tooth. The permanent tooth is 
thus separated from the socket of the milk-tooth by a bony partition, which, as well 
as the root of the milk-tooth just above it, becomes absorbed as the crown of the 
permanent tooth rises through the gum. When this has proceeded far enough, the 
milk-tooth becomes loosened, falls out or is removed, and the permanent tooth takes 




Fig. 73. — Part of thb lower jaw of a chili» of three or four years old, showino the 

RELATIONS OF THE TEMPORARY AND PERMANENT TEETH. 

The specimen contains all the milk-teeth of the right side, together with the incisors of the left ; 
the inner plate of the jaw has been removed, so as to expose the sacs of all the permanent teeth of the 
right side, except the eighth or wisdom-tooth, which is not yet formed. The large sac near the ramns 
of the jaw is that of the first permanent molar, and above and behind it is the commencing rudiment of 
the second molar. 

its place. The absorption of the dental substance commences at or near the ends of 
the fangs, and proceeds upwards until nothing but the crown remains. The cement 
is first attacked, and then the dentine ; but the process is similar in the two tissues. 
The change is not produced merely by pressure, but, as in the case of the absorption 
of bone, through the agency of multi-nucleated absorbing cells or osteoclasts, 
developed at the time, and applied to the surface of the fang. The sockets begin to 
be formed around the neck of the tooth as soon as the crown projects, and are formed 
simultaneously with the developing fangs. 

The six posterior (or superadded) permanent teeth, that is, the three permanent 
molars on each side, do not come in the place of other teeth. They arise from 
successive extensions of the common dental lamina carried backwards in the jaw 
behind the milk-teeth. 

The part of the common lamina posterior to the last temporary molar long 
continues unobliterated, and from it there becomes developed at about the sc\ en- 
teenth week of embryonic life a special enamel germ which forms the rudiment of 
the first permanent molar tooth (fig. hi, 4, m*). After a long interval, viz., about the 
fourth month after birth, the germ for the second permanent molar tooth appears 
in the dental lamina, which is now projecting backwards from the neck of that for 
the first molar. After another long interval, during which the sac of the first 
permanent molar and its contained tooth have acquired great size, and that of the 
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second molar has also advanced considerably in development, the same changes once 
more occur and give rise to the sac and papilla of the wisdom-tooth (third year). 
The subsequent development of the permanent molar teeth takes place within their 
sacs just like that of the other teeth. In exceptional instances, a fourth molar may 
be formed in like manner in a further backward extension of the dental lamina. 

After all the teeth of the second dentition are thus formed, the dental lamina 
generally ceases to form more special enamel germs and gradually atrophies in the 
manner already described. But in rare instances a third series of germs make their 
appearance postero-lateral to the teeth of the second dentition, and a third complete 
series of teeth may result therefrom. 

Calcification begins first in the anterior permanent molar teeth. Its order and 




Fig. 74. — Diagram from Wklckkr, showing on the left side the order, and on the right 

SIDE THE TIME (iN TEARS) OF APPBA&ANOB OF THE PERMANENT TEETH OF THE UPPER JAW. 

(Rauber.) 

periods may be thus stated : First molar, one cusp shows calcification at birth, the 
rest soon after birth ; central incisor, lateral incisor, and canine, about six months 
after birth, the central incisors first, the canines last ; bicuspids, two years or more ; 
second molar, two years ; third molar, or wisdom-tooth, about twelve years. 

XSmption of the permanent Teeth. — The time at which this occurs in 
regard to each pair of teeth in the lower jaw is exhibited in the subjoined table. 
The corresponding teeth of the upper jaw appear somewhat later : — 



Molar, first .... 


6 years, 


Incisors, central 


7 „ 


„ lateral 


. 8 „ 


Bicuspids, anterior 


D „ 


„ posterior . 


. 10 „ 


Canines .... 


. 11 to 12 „ 


Molars, second 


12 to 13 „ 


„ third (or wisdom) . 


. 17 to 25 „ 



It is just before the shedding of the temporary incisors— «.«., about the sixth 

B 2 
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year, that there is the; greatest number of teeth in the jaws. At that period there 
are all the ra ilk-teeth, and the crowns of all the permanent set except the wisdom- 
teeth, making forty-eight (see fig. 75). 

During the growth of the teeth the jaw increases in depth and length, and 
undergoes changes in form. In the child it is shallow, but it becomes much deeper 
in the adult. In the young subject the alveolar arch describes almost the 
segment of a circle ; but in the adult the curve is semi-elliptical. The increase 
which takes place in the length of the jaw arises from a growth behind the 
position of the milk-teeth, so as to provide room for the three additional 




Pig. 76. — The teeth of a child or six years, with the calcified parts of the permanent teeth 
EXPOSED. (After Henle, and modified from natare, A. T.) 

The whole of the teeth of the right side are shown, together with the three &ont teeth of the left 
side : in the upper and lower jaws the teeth are indicated as follows : — 1, fnilk-ieeth — i, inner or first 
incisor ; t", outer or second incisor ; c, canine ; m, first molar ; m\ second molar. 2, permanent'teeth — 
I, inner or first incisor ; I', outer or second incisor ; C, canine ; B, first bicuspid ; B', second bicuspid ; 
M\ the first molar, which has passed through the gums ; M^, the second molar, which has not yet risen 
above the gums ; the third molar is not yet formed. 

teeth on each side belonging to the permanent set. At certain periods in 
the growth of the jaw^s there is not sufficient room in the alveolar arch for the 
growing sacs of the permanent molars ; and hence the latter are found enclosed in 
the base of the coronoid process of the lower jaw, and in the maxillary tuberosity of 
the upper jaw, but they afterwards successively assume their ultimate position as the 
bone increases in length. The space taken up by the ten anterior permanent teeth 
very nearly corresponds with that which had been occupied by the ten milk-teeth ; 
the difference in width between the incisors of the two sets being compensated for 
by the smallness of the bicuspids in comparison with the milk-molars to which they 
succeed. Lastly, the angle formed by the ramus and body of the lower jaw differs 
at different ages ; thus it is obtuse in the infant, approaches nearer to a right 
angle in the adult, and again becomes somewhat obtuse in old age (see Vol. II, 
p. 78). 
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HistorloaL — The first complete account of the development of the teeth was given by 
Goodsir (Edin, Medjand Surg. Journal^ 1838), who described the formation of a groove in the 
mneoQS membrane of the jaw, the formation of special depressions in this groove corresponding 
to the milk-teeth, the appearance of papillse within these, the enclosure of the papillse within 
follicles covered by membrane, and finally the time and mode of eruption of the several 
teeth. 

Groodsir's results, which, so far as they went, were fairly accurate, were obtained from 
specimens which had been badly preserved, and in which the epithelium, which is now 
regmrded as the important element in tooth formation, had become detached in consequence of 
maceration. 

The views of Groodsir prevailed until 1863, when KoUiker (Gewebelehre) clearly showed the 
important part taken by the involution of the Maipighian layer of the epithelium of the jaw 
in the formation both of the common and of the special enamel germs. (This had bee a already 
pointed out by Marcusen (Bull, de TAcad. de P^tersbourg, 1849) and by Huxley (in fishes and 
reptiles, Quar. Jour, of Micr. Sct.^ 1863), but was nevertheless not generally accepted.) Kolliker's 
results were confirmed and extended by the work of Waldeyer, Kollmann, Magitot, C. S. Tonies, 
and others. Baume first pointed out the independent origin of the teeth of succession from the 
common dental lamina ; previous observers had followed KoUiker (and Groodsir) in ascribing the 
origin of their germs to the special germs of the milk-teeth. Pouchet and Chabry were the first 
to describe the common origin of the labio-dental furrow and the common dental lamina. 
Finally, the most important details regarding the origin of the human teeth are to be met 
with in the works of Magitot and Legros and of Rose. Rdse*s account is based upon 
sections of the jaw of embryos of various ages, from which he has constructed models shewing 
several stages of development in a strikingly objective form ; figures of some of these models 
have here been reproduced. 
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THB PHABYNX. 



The pharynx (figs. 76, 77, 78 and 80) extends from the base of the skull to the 
lower border of the sixth cervical vertebra, where it terminates by becoming con- 
tinuous with the oesophagus. It lies in front of the lower part of the basilar process 
of the occipital bone and the upper six cervical vertebrae and behind the nasal 
cavities, mouth, and larynx. It may therefore be divided into three parts, viz., 
nasal, oral, and laryngeal. The soft palate projects backwards and downwards into 
it, and during the act of deglutition is drawn upwards and backwards against its 
posterior wall, so as to completely separate the nasal from the oral portion. In all, 
seven openings lead into the cavity of the pharynx, viz., above the velum, the two 
posterior nares (choancB) and the two Eustachian tubes, and below the velum, from 
above downwards, the orifices leading into the mouth, larynx, and oesophagus. 
The pharynx is about five inches (14: centimeters) in length. Its transverse 
diameter is considerably greater than ite antero-posterior. Its \videst part is 
opposite the laryngeal aperture, below which it rapidly contracts like a funnel 
towards its termination, where it is narrowest. 

The nasal part of the pharynx {naso-pharynx or post-nasal space) is an air 
cavity irregularly cubical in shape, which cannot be obliterated by muscular action, 
although its floor can be raised and depressed by the muscles of the soft palate. Its 
anterior wall shows the posterior edge of the nasal septum with the posterior nares, 
one on either side. In the posterior wall the mucous membrane is thickened and 
thrown into a number of folds, chiefly vertical in direction. As these folds contain 
a considerable quantity of lymphoid tissue they are often called t\iQ pMryngeal tonsiL 
A well-marked recess of the mucous membrane, known as the pharyngeal bursa 
{recessus pharyngeus medius), which is constant in the foetus and young subject, and 
is occasionally present in the adult, extends from just below the pharyngeal tonsil 
upwards in the middle line as far as the pharyngeal tubercle. 

This recess was regaarded by Lnschka (Der Schlundkopf d. Menschen, 1868, p. 26) as a 
rudiment of the invagination from which is developed the anterior part of the pituitary body. 
This idea is now . generally abandoned in favour of the view that it is connected with the 
formation of the pharyngeal tonsil. Killian (Morph. Jahrb., Bd. xiv, 1888, p. 618), however, 
has shown that the pharyngeal tonsil may exist in the human foetus and also in animals 
without any traces of a pharyngeal bursa. 

The opening of the Eustachian , tube appeara as a vertical cleft, or as a funnel- 
shaped opening, in the lateral wall, and is bounded behind by a prominence — the 
cushion of the Eustachian orifice — containing the cartilage of the tube* Between 
this prominence and the posterior wall of the pharynx there is a deep recess passing 
backwards and outwards. It is known as the lateral recess of the pharynx {fossa of 
Rosenmiiller). This recess represents the upper part of the pharyngeal portion of the 
second visceral cleft, the Eustachian tube being formed from the first cleft. From 
the cushion of the Eustachian orifice the mucous membrane forms a vertical fold, 
the plica salpingopharyngeal passing downwards on the side wall of the pharynx 
behind the posterior palatine arch. 

When the levatores palati are contracted, the upper surface of the soft palate 
presents a convex eminence behind each posterior naris, called the levator cushion. 
This is occasionally seen in the dead body. 

The average capacity of the nasal part of the pharynx is said to be 14 cubic 
centimeters. Its transverse diameter in front of the Eustachian orifices is about 
22 mm. ; between the Eustachian cushions it varies considerably — on ah average it 
is about 15 mm. The distance from the lower paxt of the posterior edge of the 
nasal septum to the posterior wall of the pharynx is 15 mm. 
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Pig. 76. — Median seotiom of thb urad akd nkck. (Braune.) j| 
1, sphenoidal sinus ; 2, lateral recess of pharynx ; 8, pharyngeal orifice cf Kustacbian tube ; i, 
anterior arch of aUas ; 5, soft palate ; 6, body of axis ; 7, oral portion of pharynx ; 8, epiglottis ; 9, 
arytenoid muscle ; 10, cricoid cartilage ; 11, trachea ; 12, oesophagus ; 13, origin of innominate artery 
from aorta ; 14, genio-glossus muscle ; 15, genio-hyoid muscle ; 16, mylo-hyoid muscle ; 17, platysma ; 
IH, hyoid bono ; 19, thyroid cartilage ; 20, cricoid cartilage ; 21, isthmus of thyroid body ; 22, sterno- 
hyoid; 23, stemo-thyroid ; 24, left innominate vein; 25, manubrium stcmi. 
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The oral part of the pharjrnz is situated below the soft palate and above 
the level of the Jarynx. Owing to the mobility of its walls it is very variable in form 
and size. In front it communicates with the mouth through the isthmus of the 
fauces, and below this opening it is bounded anteriorly by the posterior part of the 




Fig. 77. — Horizontal section through nasal cavities and nasal portion of pharynx, seen 

FROM ABOVE. (J. S.) J 

1, anterior naris ; 2, septal cartilage ; 3, vomer ; 4, inferior concha ; 5, inferior meatus ; 6, 
maxillary antrum ; 7, posterior naria ; 8, Eustachian tube ; 9, tensor palati ; 10. levator palati ; 
11, internal carotid artery ; 12, lateral recess of pharynx ; 13, rectus auticus major ; 14, pharyngeal 
tonsU. 

dorsum of the tongue. On its lateral wall there is a somewhat triangular recess 
bounded by two folds of mucous membrane, called the anterior and posterior 
palatine arcJies, Both these folds are connected above with the sofc palate, and 
diverge as they pass downwards. The anterior arch joins the tonirue and forms the 
lateral boundary of the isthmus of the fauces, while the posterior one gradually 
disappears on the side wall of the pharynx. 

The tonsils (tonsillcB^ amygdalce) are two prominent bodies situated in the recess 
between the anterior and posterior palatine arches. They are usually from 20 to 
25 mm. in vertical extent, reaching from the soft palate above to the level of the top 
of the epiglottis below ; they measure about 15 mm. from before backwai-ds and 
rather less than this from within outwards, but they vary much in different indi- 
viduals. The free inner surface of the tonsil has a variable number of slit-like or 
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rounded orifices which lead into recesses or crjpts in the substance of the tonsil 
<fig. 78, 16 ; fig. 79). The outer surface is connected With the inrter aspect of the 
superior constrictor of the pharynx, external to which is the internal pterygoid muscle. 
Both the external and internal carotid arteries lie fully an inch external and posterior 
to the tonsil. The tonsils extend downwards as low as the angle of the jaw, but they 
cannot, even when enlarged, be felt from the surface of the neck at this point. 

Above the tonsil there is frequently a recess directed upwards and backwards, 
and called the fossa stfpra-ionstllaris. It is considered by His to be the remains of 
the lower part of the second visceral cleft. The fold of mucous membrane covering 
this recess is named plica triangularis. 

Vessels and nerves. — Arteries. — These structures receive a very large supply 
of blood from various arteries, viz., from the tonsillar and palatine branches of the 




Fig. 78. — HORIZOKTAL SECTION THROUGH THB MOUTH, PHARYNX, ^C, JUST ABOVB THE TEETH OF 
THE LOWER JAW. ThB SECTION IS VIEWED FROM ABOVE. (J. S.) g 

1, Body of axis ; 2, ramus of lower jaw ; 3, orbicularis oris ; 4, buccinator ; 5, masseter ; 
6, internal pterygoid ; 7, stylo-glossus ; 8, stylo-pharyngeus ; 9, digastric and stylo-hyoid ; 10, rectas 
capitis anticas major ; 11, longus colli; 12, sublingual gland, and on its inner side Wharton's duct ; 
ld| aperture of Wharton's duct; 14, muscular substance of tongue; 15, tip of uvula; 16, tonsil 
(somewhat enlarged) ; 17, root of tongue ; 18, epiglottis ; 19, posterior palatine arch ; 20, anterior 
paUtine arch ; 21, parotid gland ; 22, external carotid artery ; 23, internal jugular vein ; 24, hypo- 
glossal nerve ; 25, vagus ; 26, internal carotid artery ; 27, pharyngeal veins ; 28, lymphatic gland. 

facial artery, the descending palatine of the internal maxillary, the ascending 
pharyngeal and the dorsal artery of the tongue. From these arteries fine branches 
and capillaries are distributed abundantly to the lymphoid tissue and follicles and 
to the papilla3 of the mucous membrane which lines the recesses. The ▼eins are 
numerous, and enter the tonsillar plexus on its outer side. The nerves come from 
the glosso-pharyngeal nerve, and from the fifth. Lymphatios are abundant, and 
surround the follicles with a close plexus ; they eventually pass into the superior 
deep cervical lymphatic glands. 

Straotiire. — The tonsils are composed of a spongy connective tissue infiltrated 
with lymphoid cells, which are collected at frequent intervals into nodules or 
follicles, in which the lymphoid tissue is denser than elsewhere. These nodules, as 
in other situations where they occur, represent germinating centres in which the 
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lymphoid cells are most rapidly multiply in «:. Extending inwards from the surface 
are tubular or cleft-like crypts, which are lined with stratified epithelium similar to 
that of the surface, and the walls of which are beset with lymphoid nodules. Into 
these crypts mucous glands open, but these ai*e not very numerous. The lymphoid 
cells are constantly passing in large numbers through the epithelium, to become free 
at the surface and on the crypts of the tonsils (Stohr) ; in this way they pass into 
the mouth and mix with the saliva to form the so-called salivary corpuscles. 

The larsrngeal part of the pharjrnz is situated behind the entire extent 
of the larynx. Its length is equal to that of the nasal and oral parts combined. In 
the upper part of its anterior wall is the superior aperture of the larynx. On either 



/ 




Pig. 79. — Section through onb op thk crtpts op the tonsil, XAONiFiBb. (Stohr.) 

f, stratified epithelium of general surface, continued into crypt ; /, /, foUicles or nodules of 
lymphoid tissue ; opposite each nodule or germ-centre numbers of lymph-cells are passing into and 
through the epithelium ; s, «, masses of cells which have thus escaped from the tonsil to mix with the 
ealiva as salivary corpuscles. 

side of this is a longitudinal groove called the sinus pjriformis, which i^epresents the 
remains of the fourth visceral cleft (His). 

Opposite the laryngeal aperture the transverse diameter of the pharynx is about 
3*6 cm. Below this opening the anterior and posterior walls of the pharynx are in 
contact, but the transverse diameter undergoes only a very slight diminution as far 
down as the cricoid cartilage, behind which it rapidly contracts so that at its 
termination it is only about 12 to 16 mm. 

Varieties. — The principal variations of the pharynx are due to the abnormal persistence 
of the visceral clefts or irregularities in their position. Various cases of this kind have been 
described as pharyngeal diverticula or cervical fistulsB (for literature, see von Kostanecki). 

Stractnre and attachments. — The walls of the pharynx are formed from 
within outwards of a mucous membrane, a layer of fibrous tissue called the pharyn- 
geal aponeurosis, a muscular coat, and another layer of fibrous tissue, which with 
that covering the buccinator muscle, is called hnao-pharynyeal fascia (see Vol. II, 
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p. 307). The pharyngeal aponeurosis is thin and lax below, but becomes thicker 
and denser above, where it is attached to the posterior part of the sphenoid bone 
and passes outwards to the petrous portion of the temporal bone and on to the 
Eustachian tube. It is strengthened in the middle line by a strong band descending 

Fig. 80. — HORIZOKTAL SECTION OF THB LABT5X A2ID 
LARYNQSAL PART OF PHARYNX. (J. S.) 

1, thyroid cartilage; 2, thyroarytenoid muscle; 3, 
lateral crico-arytenoid moscle ; 4, arytenoid cartilage ; 5, 
rima glottidis ; 6, arytenoid muscle ; 7, cavity of laryngeal 
part of pharynx ; 8, inferior constrictor of phar3rnx. 

between the recti antici muscles from a part of 
the basilar process of the occipital bone, which 
often presents a marked tubercle. 

Behind, the bucco-phaiyngeal fascia is con- 
nected by a very loose areolar tissue to the 
prevertebral fascia, covering the bodies of the 
cervical vertebra and the muscles which rest upon them. At the sides it has similar 
connections with the styloid process and it» muscles, and with the sheaths of the 
large vessels and nerves of the neck. 

The attachments and relations of its muscular coat are described in Vol. II, 
Part ii. Its mucous membrane is continuous at the several apertures with those of 
the adjacent cavities. 

S tracti i re of the mucous membrane of the pharynx. — The mucous 
membrane of the pharynx is formed by connective tissue, provided with low 
papillae and covered by epithelium, which is stratified over the greater part of the 
cavity, but becomes ciliated in the upper or naso-pharynx as far as the level of the 
lower border of the soft palate. The back of the soft palate also has a covering of 
ciliated epithelium, and a similar epithelium has also been noticed in some of the 
gland ducts of other parts of the pharynx. Numerous racemose mucous glands 
occur under the mucous membrane ; they are especially abundant above, near the 
Eustachian tube, but they are found in all parts. Lymphoid tissue is also abundant 
in the upper part and back of the pharynx ; a large collection of lymph-follicles 
stretches across the back of the cavity between the orifices of the Eustachian tubes 
(pharyngeal tonsil). This is apt to become hypertrophied in children, and to block 
those orifices, and even the posterior nares. 
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THS (ESOPHAGUS. 

The (Bsophagus or gullet is the part of the alimentary canal leading from the 
pharynx to the Btomach. 16 commences at the level of the lower border of the 
cricoid cartilage, opposite the disc between the sixth and seventh cervical vertebra, 
and passes downwards throogh the lower part of the neck into the thorax. In this 
cavity it lies in the superior and posterior mediastina, and after piercing the 
diaphragm, it ends opposite the tenth or eleventh dorsal vertebra by opening into 
the stomach. 

The length of the oesophagos is about nine or ten inches (26 centim.). It is of 
smaller diameter than any other division of the alimentary canal, its narrowest part 
being at the commencement behind the cricoid cartilage ; it is also slightly constricted 
in passing through the diaphragm, but, below that, widens into the stomach. It is 
usually flattened from before backwards, so that its lumen appears as a transverse 
slit (fig. 81), but occasionally it is rounded with the cavity stellate in form (fig. 82). 





Fig. 81. — Horizontal section of trachea, <bsophaous» and thyroid body. (J. S.) 
1, oesophagus ; 2, cavity of trachea ; 3, cartihginoos ring of trachea ; 4, thyroid body ; 5, inferior 
thyroid artery ; 6, recurrent laryngeal nerve. 

Fig. 82. — Horizontal ssotion of the (esophagus and TnoRAOic aorta at the level of the 

9th dorsal VERTEBRA. (J. S.) 

1, oesophagus ; 2, thoracic aorta ; 3, thoracic duct ; 4, vena azygos major receiving a tributary from 
the left side ; 5, body of vertebra ; 6, pleura ; 7, diaphragm. 

When empty its greatest diameter is about 20 mm., and when moderately distended, 
so that it acquires a cylindrical form, its diameter varies from 18 to 24 mm. It is 
not quite straight in its direction, but has three slight curvatures. One of these is 
an antero-posterior flexure, corresponding with that of the vertebral column in the 
neck and thorax. The other two are slight lateral curves ; for the oesophagus, 
commencing in the median line, inclines to the left side as it descends to the root 
of the neck ; thence to the fifth dorsal vertebra it gradually resumes the median 
position ; and finally, it deviates again to the left, at the same time coming forward 
towards the oesophageal opening of the diaphragm. After piercing the diaphragm, 
it turns abruptly towards the left side to join the stomach. 

Balations. — In the lower cervical and upper dorsal region the oesophagus is 
applied to the anterior surface of the spine, being connected with it and with the 
longus colli muscle by loose areolar tissue ; opposite the middle dorsal vertebrae the 
thoracic duct passes obliquely upwards from right to left behind it, and then ascends 
on its left side ; in its lower third the oesophagus is placed in front of the aorta. In 
the neck the oesophagus lies close behind the trachea (projecting about a quarter of 
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an inch to the left of that tube), and the recurrent laryngeal nerve ascends on cacli 
aide in the angle between them (see fig. 81) ; on each side is the common carotid 
artery and also a part of the thyroid body, but as the oesophagus inclines to the 
left side, it is in more immediate connection with the left carotid. In the thorax 
the oesophagus is successively covered in front by the lower part of the trachea, by 
the commencement of the left bronchus, and by the pericardium and the diaphragm. 
The aorta, except near the diaphragm, where the oesophagus is in front of the vessel, 
lies to the left, and the vena azygos major to the right and behind ; the pneumo- 
gastn'c nerves descend in close contact with its sides, and form a plexus around it, 
the left nerve proceeding gradually to the front, and the right nerve retiring behind 
it. In the superior mediastinum the left pleura lies close to its left side, while lower 
down in the posterior mediastinum the right pleura is in relation with its right side, 
and often extends inwards slightly behind it. Lastly, just before it pierces the 
diaphragm the oesophagus is in contact with both pleurse. 



BTBUOTUBX OF THS OCBOPHAaUB. 

The walls of the gullet are composed of three coats ; viz., an external or 
muscular, a middle or areolar, and an internal or mucous coat. Outside the 

Fig. 83. — Section of thk human (bsophaous. 

(Prom a drawing by V. Horeley.) Moderately magnified. 

The section is transverse, and from near the middle 
of the gullet, a, fibrous covering ; 6, divided fibres 
of the longitadinal mascalar coat ; r, transverse 
muscular fibres ; d^ sub-mucous or areolar layer ; e^ 
muacularis mucoste ; /, mucous membrane, with vessels 
and part of a lymphoid nodule ; g, laminated epithelial 
lining ; k, mucous gland ; t, gland duct ; m, striated 
muscular fibres cut across. 

muscular coat there is a layer of areolar 
tissue, with well marked clastic fibres. 

The mnsciilar coat consists of an 
external longitudinal layer (seen in section in 
fig. 83, h) and an intei'nal circular layer (c). 
This twofold arrangement of the muscular 
fibres prevails throughout the whole length 
of the alimentary canal ; but the two layers 
are here much thicker, more uniformly dis- 
posed, and more evident than in any other 
part, except quite at the lower end of the 
intestine. The external or longitudvial fihvQ& 
are disposed at the commencement of the tube 
in three bands, one in front and one on each side. The lateral bands are con- 
tinuous above with the inferior constrictor of the pharynx ; the anterior arises firom 
the back of the cricoid cartilage at the prominent ridge between the posterior 
crico-arytcLoid muscles, and its fibres spread out on each side of the gullet as they 
descend, soon blending with those of the lateral bundles to form a continuous 
layer around the tube. The direction of many of the fibres is at first slightly 
oblique, but towards the lower end it is more directly longitudinal. The internal 
or circulur fibres are separated above by the fibres of the lateral longitudinal bands 
from those of the inferior constrictor of the pharynx. The rings which they form 
around the tube have a horizontal direction at its upper and lower part, but in the 
intervening space are slightly oblique. At the lower end both layers of fibres 
become continuous with those of the stomach. 

VOL. UI., PT. 4. F 
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The muscular coat of the upper eud of the oesophagus is of a well marked red 
colour, and consists wholly of striped muscular fibres ; these are gitidually replaced 
by plain muscular fibres, so that these are almost the only ones found in the lower 
half of the tube. A few striped fibres may, however, be found even at the lower 
end, and in some animals they preponderate throughout the whole length of the tube. 

The longitudinal fibres of the cesophag'us ore sometimes joined by a broad band of smooth 
muscle, passing from the left pleura, and sometimes also by another from the left bronchos. 
According to Cunningham, the former is almost constantly present, and the latter very 
frequently. 

The areolar or snbmacons coat is placed between the muscular and mucous 
coats, and connects them loosely together. It exceeds the mucous membrane con- 
siderably in thickness, and in it are contained the mucous glands (fig. 83, h)y which 
open on the mucous membrane. 

The mucous membrane is of .firm texture, and is paler in colour than that of 
the pharynx or stomach. From its loose connections its outer surface is freely 
movable on the muscular tunic ; and under ordinary circumstances the mucous 
lining is thrown into longitudinal folds or rugae, which are in mutual contact. These 
folds disappear on distension of the canal. 

Minute papillae (/) are seen upon the mucous membrane, and the whole is covered 
with a thick stratified scaly epithelium. In the embryo for a certain period the 
oesoph&gus is lined by columnar ciliated epithelium (Neumann), patches of which 
may persist even to the time of birth (Klein). 

The small compound racemose or tubulo-racemose glands, named msophageal 
glands^ which are for the most part seated in the submucous tissue are specially 
numerous at the lower end of the tube. A few of the smallest are situated in tbe 
substance of the mucous membrane. The colls of these glands are columnar. Their 
ducts are usually surrounded by collections of lymphoid tissue as they pass through 
the mucous membrane. 

The mucous membrane is bounded next to the submucous coat by longitudinally 
disposed plain muscular fibres, which, imperfect above, form a continuous layer 
towards the lower end of the tube (muscuJaris mucosce, e). 

Duplicity of the oesopha^s in part of its extent, without other abnormality, has been 
recorded (Blaes, quoted by Meckel). 

Vessels and nerves. — The arteries of the oesophagus consist of a series of 
small vessels derived from the inferior thyroid, descending thoracic aortUy left 
inferior phrenic, and coronary of the stomach ; these branches anastomose together. 
The veins pass to the inferior thyroid, azygos, and coronary of stomach; the 
submucous veins at the lower part of the oesophagus form a free communication 
between the portal and systemic veins, and become diluted in cases of obstruction 
to the circulation through the liver. The lymphatics go to the inferior deep 
cervical and posterior mediastinal glands. The nerves are derived from the 
recurrent laryngeals, vagi, and sympathetic. The blood-vessels have for the most 
part a longitudinal airangement There are separate networks for the mucous 
membrane, the muscularis mucosae and the muscular coat, and the glands and fat 
lobules which arc met with in the submucosa have each their capillary plexus. 
Lymphatics are found in both the submucous aud mucous coats, those of the latter 
commencing as in the mouth aud phaiynx within the papillae. A small amount of 
lymphoid tissue is also present, and may be accumulated into lymphoid nodules, 
especiiilly in the neighbourhood of the ducts of the mucous glands. Both here and 
in the pharynx the alveoli of the mucous glands arc invested by sinus-like lymphatic 
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veiBels (Kidd.) The nerves form a gaugliated plexus between the two layers of the 
mnscniar coat, as in other parts of the alimentary canal, bat it is characterised by 
the comparatively large size of the groups of gauglion-cells and of the cells 
themselves, and also by the fact that it contains, besides non-medullated fibres, a 
large number of medullated nerve-fibres (derived from the pneumo-gastric nerves). 
Each of these fibres in passing a ganglion is joined by a non-medullated fibre 
derived from one of the cells of the ganglion, a T-shaped junction being formed, as 
in the case of the nerve-fibres passing through the posterior-root ganglia. The 
meduUated fibre theu passes on and branches, and is finally distributed in terminal 
arborisations (motor end-organs) in the striped muscular fibres (Ranvier). The non- 
medullated fibres are distributed chiefiy to the plain muscular tissue. There is also 
a gangliated plexus in the submucous tissue, from which fibres pass to the glands 
and to the muscularis mucosae, whilst others penetrate between the deeper layers of 
the stratified epithelium and end in an open arborisation of varicose fibrils between 
the cells (6. Retzins). 
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THE ABDOMINAL VISCERA. 

As that part of the digestive canal which is fonnd beneath the diaphragm, and 
consists of the stomach and intestines, is situated within the cavity of the abdomen, 
and occupies, together with the liver and pancreas, by far the greater part of that 
cavity, the general topographical relations of the abdominal viscera may here be 
briefly explained. 

THE ABDOMEK. 

The abdomen is the largest cavity in the body, and is lined by an extensive and 
complicated serous membrane, named the peritormim. It is subdivided into two 
parts : an upper or larger part, the abdomen, properly so called ; and a lower or 
jfclvic part. The limits between these portions of the cavity are marked by the brim 
of the true pelvis. 

The abdomen proper diflers from the other large cavities of the body in being 
bounded mainly by muscles and fasciae (described in Vol. II., pt. 2.) instead of 
more or less rigid osseous walls, so that it can readily vary in its capacity according 
to the condition of its contained viscera. Its walls are pierced by several apertures, 
such as the several diaphragmatic openings for the aorta, vena cava and oesophagus, 
and the femoral rings and inguinal canals. In the median fibrous substance of 
the anterior wall lies the umbilical cicatrix. The cavity is of an irregularly oval 
form with the long axis directed from above downwards and having its transverse 
diameter usually greater than its antero-posterior. It extends under cover of the 
lower ribs and costal cartilages as high as the vault of the diaphragm, and below it 
is bounded laterally by the iliac fossae, between which at the pelvic inlet it becomes 
continuous with the cavity of the pelvis. The posterior wall of the abdomen is 
formed by the bodies of the lumbar vcrtebrje with the psoas and quadratus 
lumborum muscles on either side. In consequence of the forward projection of the 
lumbar veitebi-ae there is a considerable hollow on either side of the spine ; so that in 
a horizontal section the abdominal cavity appears somewhat kidney-shaped. The 

Fig. 84. — OUTLIMB OK THK VKOMT OF THK ABDOMEN, 
SHOWING TUR DIVISION INTO RKGI0N8. 

1, epigastric region ; 2, umbilical ; 3, Iiypogastric ; 
4, 4, right ami left hypochondriac ; 5, 5, right and left 
lumbar ; 6, G, right and left iliac. 

walls of the pelvic cavity are mainly osstous, 
but its flcor is formed by the integument, fat, 
fasciae, and muscles, and has certain apertures 
which are usually closed, but can be opened for 
the passage of the gen i to-urinary products and 
the contents of the rectum. 

For the purpose of enabling reference to be 
made to the situation and condition of contained 
organs, the abdomen proper has been artificially 
subdivided into certain regions which are 
separated from one another by imaginary hori- 
zontal and sagittal planes passing through the 
abdomen, the edges of these planes being indicated by lines drawn upon the surface 
of the abdomen. By this plan the abdomen is divided into nine regions (fig. 84), 
the boundaries and contents of which will be described in the chapter on Superficial 
Anatomy. 
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THX PaRXTONXUM. 

The peritoneum or serons membraDeof the abdominal cavity is by far the most 
extensive and complicated of the serons membranes. Like th3 others it may be 
considered to form a shut sac, but in the female the two Fallopian tubes open at 
their free extremities into its cavity. The parietal layer is connected with the fascias 
Uning the abdomen and pelvis by means of areolar tissue (subperitoneal) ; it is more 
firmly adherent along the middle line of the body in front, as well as to the under 
surface of the diaphragm. The visceral layer, which is thinner than the other, 
affords a more or less complete covering to moab of the abdominal and pelvic 
organs. The folds of the peritoneum are of various kinds. Some of them 
constituting the mesenteries connect certain portions of the intestinal canal with 
the posterior wall of the abdomen ; they are, the meseniery properly so called for the 
jejunum and ileum, the transverse and sigmoid meso-colon, and the meso-redum. 
Other folds connected with the stomach are called omenta ; they are the great 
omentum or epiploon^ the small omentum, and the gastro-splenic omentum. Lastly, 
certain reflexions of the peritoneum from the walls of the abdomen or pelvis to 
viscera which are not portions of the intestinal canal are named ligaments ; such 
are the ligaments of the liver, spleen, uterus, and bladder. 

The further account of the peritoneum will be deferred until the abdominal 
viscera have been described. 
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THE STOMACH. 

The stomach is a dilated portion of the alimentary canal sitnated between the 
termination of the oesophagns and the commencement of the small intestine. In 
shape it is somewhat pyriform, with the larger end ov fundus directed upwards and 
backwards on the left side, and the smaller and lower end turned to the right. It 
may be divided into a main or cardiac part, the long axis of which is directed 
from above, downwards, forwards, and a little to the right, and a much smaller 
pyloric part, which passes nearly horizontally from left to right. Of its two open- 

Kg. 85. — DlAQBAMXATIO OUTLINES OF 
THB EMPTY (A) AHD DI8TSKDBD (B) 
STOKACH, SXBir FROM THR FRONT. 

M dotted line represents the median 
plane. The + indicates position on back 
of organ of pyloric orifice. 

ings the one, by which food 

enters from the oesophagus, is 

situated to the right of the fundus, 

and is named the cardiac crijice 

or eariUa, the other, by which it passes into the duodenum, and which is placed on 

a lower level and more forwards and to the right, is the pyloric orifice^ which is 

bounded internally by a circular constriction, sometimes also marked externally, 

called the pylorus. The stomach has two surfaces, called anterior and posterior, 

and two borders, termed the great and small (greater and lesser) curvatures. 

Variatioiis in position. — The stomach varies greatly in size, position, direction, 
and relations under normal physiological conditions, such as the condition of its 
muscular wall, whether relaxed or contracted, the degree of its distension, and the 
6tatc of neighbouring organs. 

When the stomach is empty it lies in the left hypochondrium and left half of 
the epigastric region, its pyloric end being situated in or near the median plane 

Fig. 86. — DlAQRAMMATIO OUTLINK OF THB STOMACH, AS 9B1CN FROX 
BSHZND. (His.) I 

o, great curvature ; 6, small canratare ; c, left end, great cul- 
de-sac, or fundus ; d, small cul-de-sac, or antrum pylori ; o, 
oesophageal orifice or cardia ; py pyloric extremity. 

under cover of the liver at the level of the last dorsal 
or first lumbar vertebra. The empty stomach is 
often described as hanging vertically, with its sur- 
faces anterior and posterior ; but it always presents 
some degree of obliquity from above downwards 

and forwards, and not unfrequently it is more nearly horizontal than vertical, this 
direction being associated with a distended state of the small intestine, which pushes 
the lower part of the stomach upwards and forwards. Although usually flattened so 
as to present two surfaces and two borders, it is sometimes found contracted into a 
cylindrical form. This is especially the case towards the region of the pylorus, where 
its circular muscular fibres are best developed. 

As the stomach is distended its fundus fills np the left cupola of the diaphragm, 
pushing the left lobe of the liver towards the right side, and tilting up the apex of 
the heart, while the lower part of the great curvature lies so as to come in contact 
with the anterior abdominal wall below the left costal wall and the liver, and not 
unfrequently to enter the left lumbar and umbilical regions. The distension of the 
stomach is also accompanied by a movement of the pylorus towards the right side, 
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80 that this orifice of the stomach is often found under the liver close to the neck of 
the gall bladder, and two or three inches to the right of the median plane. This 
movement of the pylorus to the right side is accompanied by one of rotation, so 
thac . the orifice, which in the empty stomach is directed towards the right side, 
looks backwards, and the pylorus is concealed from the front by the dilated pyloric 
portion of the stomach. This part of the stomach moves more freely to the right 




Fig. 87. —Horizontal section op abdomen op boy aged six years, at the level op the cardlic 

ORIPICR. (J. S.) 

a, disc between tenth and eleventh dorsal vertebrro ; 6, diaphragm divided at the level of it« 
oesophageal opening ; c, aorta ; d, cardiac orifice, behind this the stomach lies in direct contact with the 
diaphragm. The spleen is normally more completely covered with peritoneum at this level. 

than the pylorus itself, so that a blind recess is gradually formed to the right of a 
sagittal plane passing through the pylorus. This is often called the antrum pylori 
or small cul'de-sac. 

Cardiac Orifice. — The opening by which food enters the stomach from the 
oesophagus is called the cardia^ or cardiac orifice. Owing to its connections with the 
oesophagus and diaphragm, the cardiac orifice is the most fixed part of the stomach. 
It is situated at the level of the body of the 10th or 11th dorsal vertebra, 
in front and to the left side of the aorta, and behind a notch in the posterior 
surface of the left lobe of the liver. It lies, on an average, about 4 or 5 inches 
posterior to the interval between thq ensiform process and the inner end of the 7th 
left costal cartilage. It appears from the researches of Braune and v. Gubaroff that 
the cardiac orifice may have a valvular action independent of its muscular fibres. 
Thus, after dividing the thorax horizontally some distance above the diaphragm, 
and filling the stomach with fluid by injecting from the cut end of the oesophagus, 
they found that the gastric contents were retained, although the oesophagus was not 
ligatured. After piercing the diaphragm the oesophagus turns somewhat abruptly 
to the left side to open into the stomach, and it is probable that when the stomach 
is distended this bend is increased so as to obstruct the return of its contents into 
the oesophagus. 

Pylorus. — From what has already been said regarding the movements of the 
stomach, it is evident that the position of the pylorus in relation to the 
anterior surface of the abdomen must vary considerably. As a rule, both in the 
empty and in the distended state of the stomach it is overlapped in front by the 
liver, which thus separates it from the abdominal wall. When the stomach is empty 
the pylorus is in, or close to. the median plane, and an inch or so below the ensiform 
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process; but, as already mentioned, it is found two or three inches to the right 
of the median plane when the stomach is distended. Occasionally the pylorus 
lies directly against the abdominal wall, just below the liver. The position 
of the pyloric orifice can be recognized by a slight constriction on the. outeK 
surface of the organ, and also by a thickening of the wall, which can be 
readily felt by taking it between the thumb and fore-finger. The closure of 
this opening is produced by the contraction of the circular muscular fibres, 
which are well developed in this situation, and fonn a distinct projection 
towards the orifice. This contraction at the pylorus is sometimes associated with 
a similar condition of the muscular fibres of the stomach for an inch or more 
from the pylorus, while the rest of the stomach is dilated. Viewed from its 
duodenal side the closed pylorus presents some resemblance to the external os 

Pig. SB. — Sbotzok throuqh ptlorio part of 

OTOMACH AKD COMMBNOEMBKT OP DUODBNUM, 
FROM A 8PBCIMBN HARDBNBD IN SITU. (J. 8. ) \ 

a, a, a; longitadinal folds of the mucous mem- 
brane in pyloric part of stomach ; 6, section of 
mncons membrane ; e, circular muscular fibres of 
stomach, the longitudinal fibres are just visible to 
the naked eye as a narrow line external to the 
circular fibres ; i>, duodenum ; p, pyloric orifice. 

uteri, but the opening is stellate or 
rounded. When the stomach and duo- 
denum are distended and dried the open- 
ing of the pylorus is usually circular, about half an inch in diameter, and bounded 
by an annular projection. When distended and hardened with alcohol the annular 
fibres at the orifice appear in section as a sharply marked band of considerable 
thickness, producing a sharp prominence of the mucous membrane into the interior. 

Borders. — The borders of the stomach are termed the small and great curva- 
tnres. They give attachment to folds of peritoneum, between the layers of which 
bloodvessels and lymphatics reach the organ. The small curvature is readily 
recognized by its giving attachment to the smaU or gastro-hepaiic amentum. It 
passes from the cardiac orifice at first downwards and a little to the left, and then 
turns somewhat abruptly to the right, to end at the upper border of the pylorus. 
Near this opening it often has one or two depressions with intervening convex pro- 
minences. The great curvature is four or five times as long as the small, and consists 
of an upper, a left, and a lower portion. Traced from the oesophageal orifice it will be 
found to pass to the left, forming an upwardly directed convexity, where it encircles 
the upper part of the fundus. On the left side of the fundus it first passes nearly 
straight downwards, and then turns to the right to end at the pylorus. The lower 
part of the great curvature forms a convexity directed downwards ; it gives attach- 
ment to the great or gastro-colic omentum, and usually has the transverse colon just 
below it. Towards the pylorus its general curve may be interrupted by one or two 
depressions. 

tShir&ces. — The aurfaces of the stomach are usually termed anterior and posteriory 
bnt as already mentioned, the anterior surface looks more or less upwards and the 
posterior downwards. Usually flattened when the stomach is empty, they become 
convex on distension, so that in this condition the distinction between the borders 
and surfaces of the organ is ill-defined. Behind the cardiac orifice there is a small 
area of the stomach which is uncovered by peritoneum, and lies in direct contact with 
the diaphragm (see fig. 87), and also often with the upper part of the left supra- 
renal capsule. The reflection of the peritoneum at the boundaries of this area from 
the stomach to the diaphragm is called the gastro-phrenic ligament. With this 
exception both surfaces of the stomach are entirely covered by peritoneum. On the 
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posterior aspect near the left part of the great curvature the gastro-splenic omentum 
is attached. 

The anterior surface of the stomach is in contact with the under surface of the 
left lobe of the liver and the diaphragm ; also, when distended, with the anterior 




Fig. 89. — View or thk stomach ih situ after removal of the liver and the intestine (except 

THE DUODENUM AND COMMENCEMENT OF JEJUNUM). (Testut.) 

A, diaphragm ; B, B', thoracico-abdominal parietes ; C, right kidney with c, its ureter ; D, right 
suprarenal capsule ; E, left kidney with e, its ureter ; P, spleen ; G, Q\ aponeuroses of the transverse 
abdominal muscles ; H, right quadratas lumborum muscle ; H', left ditto ; I, right psoas magnus and 
parvus muscles ; T, left ditto ; K, oesophagus ; L, stoma<;h ; M, duodenum ; N, jojnniim ; the position 
of the duodeno- jejunal junction behind the stomach is indicated by dotted lines. 1, termination of oeso- 
phagus ; 2, great curvature of stomach ; 3, small curvature ; 4, fundus ; 5, antrum pylori ; 6, pyloric end ; 
7, right v»gus nerve ; 8, left ditto ; 9, thoracic aorta ; 9', abdominal aorta ; 10, inferior phrenic artery ; 
11, coBliacaxis ; 12, hepatic artery ; 13, right gastro- epiploic ; 14, coronary artery ; 16, splenic artery ; 16, 
16', superior mesenteric artery and vein ; 17, inferior mesenteric artery ; 18, spermatic arteries ; 19, gall 
bladder ; 20, cystic duct ; 21, hepatic duct ; 22, inferior vena cava ; 23, portal vein ; 24, sympathetic cord. 

abdominal wall and the quadrate lobe of the liver. Occasionally the transverse colon 
is found in front of the stomach. 

Posteriorly the stomach is in relation with the diaphragm, the spleen, the left 
suprarenal capsule, the upper end of the left kidney, the pancreas, and the splenic 
flexure of the colon. lb is separated from the duodeno-jejunal junction and some 
convolutions of the small intestine by the transverse mesocolon. The pylonc portion 
of the stomach exhibits a tendency to sacculation owing to constrictions due to local 
contractions of the muscular fibres. One or more of these constrictions are often 
found on both the great and the small curvatures, but they seldom extend all round 
the stomach, andean generally be obliterated by full distension. Occasionally, how- 
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ever, a constriction occurs which is of a more permanent character, and partially 
divides the stomach into two parts (honr-glass form). 

Dimensions. — These vary greatly in different subjects, and also according to the 
state of distension of the organ. When moderately filled its length, measured from 
the top of the fundus to the lowest part of the great curvature, is about 10 to 12 
inches, and its diameter at the widest part from 4 to 5 inches. The distance 




TUK QREATBR PART OV THK 
ITS POSITION IS INDICATED BY 



Pig. flO. — View op thk uvkr, duodenum, pancreas, spleen, &c. 

STOMACH HAS BEEN REMOVED TO SHOW ITS POSTERIOR RELATIONS 
A DOTTED OUTLINE. (Tcstut.) 

A, inferior surface of liver ; B, right kidney ; C, C\ right and left suprarenal capenles : D, left 
kidney ; E, pancreas ; F, upper part of stomach ; G^, spleen ; H, duodenum with a, 6, c, d^ its four 
portions ; I, jejunum ; K, duodeno-jejunal junction ; 1, lower end of oesophagus ; 2, pyloric orifice ; 8, 
cffiiiac axis ; 4, coronary artery ; 5, hepatic artery ; 6, lobua Spigelii of liver ; 7, 7', splenic vessels ; 8, 
left gastro-epiploic ; 9, right gastro-opiploic ; 10, superior mesenteric vessels ; 11, portal vein ; 12, 
hepatic duct ; 13, cystic duct ; 14, gall bladder ; 15, left crus of diaphi-agm ; 16, aorta ; 17, inferior 
vena cava ; 18, inferior mesenteric vessels ; 19, 19', spermatic vessels. 

between its two orifices varies from 3 to 6 inches. It weighs, when freed from other 
parts, about 4^ ounces in the male and somewhat less in the female (Glendinning) 
(about 200 grammes, Duroy). Its capacity is, on an average, about 5 pints (Brinton) 
(2 to 3 litres). 

Variations according to age. — In the new-bom child the stomach is small 
and usually empty. Its general form and position are very similar to that of the 
empty and contracted stomach in the adult, but in consequence of the large size of 
the left lobe of the liver the whole of its anterior surface is covered by this organ. 
When it becomes distended the movement of its pyloric portion towards the right 
Bide is probably impeded by the large size of the liver. 
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BTRUOTXTIUD OF THX 8T01CA0H. 

The stomach has four coats, named, in order from withoat inwards, the serons, 
mnscular, areolar or snbmucons, and mucous tunics (fig. 91). 

The external or serous coat {s), derived from the peritoneum, is a thin, 
smooth, transparent, and elastic membrane, which closely covers the entire viscus, 
excepting along its two curvatures, and a small area near the cardiac end. Along 
the line of these curvatures the attachment is looser, leaving an interval occupied 
by the larger blood-vessels. 

The second, or muscular coat, is composed of plain muscular tissue, forming 

Pig. 91.— Sbotioh throuoh the ooats op thk stomach. 
Diagrammatic. (MaU.) 

m., mucous membrane; «., epithelium; rf., orifice of gland 
duct; m.m,f muscularis mucosse ; «m., submucous coat; cut., 
circular muscular layer ; l.m., longitudinal muscular layer ; »., 
serous coat. 

three sets of fibres, disposed in layers, and named, 
from their direction, the longitudinal, the circular, 
and the oblique fibres. 

The firat or outermost layer consists of the longi- 
tudinal fibt-es (fig. 91, /./»., fig. 92, A), which are in 
direct cpntiniuity with those of the oesophagus. They 
spread out in a radiating manner from the cardiac 
orifice, and are found in greatest abundance along the 
curvatures, especially the lesser one. On the anterior 
and posterior surfaces they are very thinly scattered, 
or scarcely tp be found, but towards the pylorus are 
well marked and form a thick uniform layer, which, 
passing over the pylorus, becomes continuous with the 
longitudinal fibres of the duodenum. 

The second set consists of the circulur fibres 
(fig. 91, cfn,, fig. 92, b) which form a complete layer 
over the whole extent of the stomach. They com- 
mence by sniall and thinly scattered rings at the 
extremity of the great cul-de-sac, describe larger and 
larger circles as they surround the body of the stomach 
at right angles to its curved axis, and towards the 
pyloric end again form smaller rings, and at the same 
time become much thicker and stronger than at any 
other point. At the pylorus itself they are gathered 
into a thick bundle (fig. 88, in section), which forms, within a circular fold of 
mucous membrane, a well-marked projection — the pyloric sphincter. Some of the 
circular fibres appear to be continued from those of the oesophagus, spreading from 
its right side. 

The innermost muscular layer is incomplete, and consists of the oblique fibres 
(fig. 92, c). These are continuous with the circular fibres of the gullet, on the 
left of I he cardiac orifice, where they form a considerable stratum ; from that place 
they descend obliquely upon the anterior and posterior surfaces of the stomach, 
where they spread out from one another, and, taking the direction of the circular 
fibres, gradually disappear on the greater curvature. 

The submucous coat of the stomach is a distinct layer connecting the muscular 
and mucous coats (fig. 91, s.m,). It consists of areolar tissue, in which occasional 
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fat-oells may be found ; and it is the seat of division and passage of the blood- 
vessels. 

The internal coat or mncons membrane is a smooth, soft, rather thick and 
pulpy membrane, which in the fresh state has generally a somewhat pink hue owing 



Fig. 92. — Sketch ov thb ar- 

RAKOBMKNT OF THB FIBRBS IN 
THB MUSCULAR COAT OF THE 

STOXACH. (Allen Thomson. ) 

k 

A, external layer of longita- 
dinal fibres, as seen from the 
outside ; B, middle layer of cir* 
colar fibres as seen on removing 
the longitndinal layer ; C, oblique 
fibres exposed by removing some 
of the fibres of the circular layer, 
the cut edges of which are seen 
below^the small curvature. 

Cf the cardiac end ; p^ the 
pyloric end ; in A, are shown the 
stronger longitudinal fibres pass- 
ing along the small and large cur- 
vatures, and all round the pyloric 
end, and radiating from the end 
of the gullet over the front (and 
back) of the stomach ; in B, the 
nearly uniform layer of circular 
fibres, in two sets crossing each 
other very obliquely at o, and at 
the cardiac end becoming con- 
centric to the centre of the great 
cul-de-sac ; in C\ the obliquo 
fibres, ob, oh\ which form a con- 
tinuation of the circular fibres of 
the gullet (a;), and spread from 
the left side of the cardia, 
gradually merging into the deeper 
circular fibres, with which finally 
they entirely blend. 

to the blood in its capillary 
vessels. In infancy the 
vascular redness is more 
marked. 

The mucous membrane 
is thickest in the pyloric 
region, and thinnest in the 
great cul-de-sac. It always 
becomes thinner in old age. 

It is connected with the 
muscular coat by means of 
the intervening submucous 
layer so loosely as to allow 
of considerable movement 
or displacement. In con- 
sequence of this, and of the 




want of elasticity of the mucous membrane, the internal surface of the stomach, 
when that organ is in an empty or contracted state, is thrown into numerous 
convoluted ridges, rugcR, which are produced by the wrinkling of the mucous, 
together with the areolar coat, and are entirely obliterated by distension of the 
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Stomach. These folds are most evident along the greater curvature, and have a 
general longitudinal direction . 

On examining the gastric mucous membrane closely with the aid of a simple 
lens, it is seen to be marked throughout, but more plainly towards the pyloric 
extremity, with small depressions which have a polygonal figure, and vary from 
about 0*12 to 0*25 mm. across, being larger and more oblong near the pylorus. 
They are the enlarged mouths or ducts of the tubular glands with which the mucous 
membrane of the stomach is beset (fig. 91). 

Towards the pyloric region of the stomach these depressions are larger and 
deeper, and their margins are elevated into pointed processes, which resemble, 
especially in vertical section, rudimentary villi, but the perfect forms of those 
appendages exist only in the small intestine, and make their appearance in the 
duodenum, immediately beyond the pylorus (fig. 91). 

Epithelium of the surfoce. — The thick stratified epithelium of the oesophagus 
passes abruptly at the cardia into a simple layer of columnar epithelium, which 
completely covers the inner surface of the stomach, and extends to a variable 
distance into the mouths of the gastric glands. The transition of the stratified 
into the columnar epithelium occurs quite suddenly, the lowermost columnar cells 
of the stratified epithelium passing into the single columnar layer of the gastric 
surface, and all the other layers of the stratified epithelium ceasing abruptly. 

The epithelial cells of the surface of the stomach differ in some respects fix)m 
the columnar epithelium of the intestine. They are more elongated in form, and 

Fig. 93.— Epithelium of thk sukfacb of the stomach examined fbksb 
(Heidenbain). Hiqhlt magnified. 

in inactive conditions of the organ they exhibit two parts, the 
attached end of the cell being granular, the free pai't — that turned 
towards the cavity of the organ — occupied by a clear, muco- 
albuminouB substance (mucigen). Moreover, there is no striated border as in the 
intestinal cells. The clear substance swells and is discharged from the cell during 
digestion, leaving empty the part of the cell which contained it, and a similar change 
is produced by water and various other reagents. Between the smaller ends of the 
columnar cells, small, round, or oval cells occur, sometimes in small nests (Watney). 
Oastzio glands. — As was first shown by Sprott Boyd, the surface of the stomach 
within the depressions above mentioned is dotted with small round apertures, which 
are the openings of minute glandular tubules, placed perpendicularly to the surface. 
On making a vertical section of the membrane, and submitting it to microscopic 
examination, it is seen to consist almost entirely of these small tubules, arranged 
parallel with each other (fig. 91). Each mouth or duct, together with the tubules 
which open into it, constitutes a gastric gland. 

Some of the glands may be simple, consisting of a single tubule throughout, but 
most are cleft into two or three tubules, or even, by the branching of these, eventually 
into six or eight The glands have externally a basement membrane, composed of 
flattened cells joined edge to edge, and with processes which on the one side join the 
retiform tissue of the mucous membrane, and on the other side, more delicate, extend 
in amongst and support the enclosed epithelium cells. 

Two kinds of glands are distingaished, which differ from one another both in 
the character of the enclosed cells, and, it is believed, in the nature of their secre- 
tion. Those of the one kind (fig. 94), are simpler in structure than the others, 
and being found most numerously in the pyloric region, they have been named 
pyloric glands. These are distinguished by the large size and depth of the gland- 
mouth as compared with the tubules which open into it, and by the character of 
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the epithelium liniog the tabules. The month of the gland is lined thronghont 
bj an epithelium which is continuous with and similar to the colnmnar epithelinm 
which covers the general surface of the stomach. But in the tubules of the gland 
the lining cells are shorter and more cubical, and are uniformly finely granular 
throughout ; moreover they arc filled with secretion of a different nature from that of 
the surface epithelium. 

Amongst the cells of these glands there are occasionally found otheri which are 
characterised by becoming darkly stained with osmic acid (Nussbaum). They have 
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Pig. 94. — A PfLORIO OLAND, FROM A SECTION OF THK VOQ'S STOMACH. (Ebfttein.) 

m, mouth ; n, neck ; tr, a deep portion of a tubule cut transversely. 

Fig. 95. — A CARDIAC OLAND OF SIMPLB FORM, FROM THK BAT's STOMACH. (LaDglcj. ) 

Osmic acid preparation. 

Cj columnar epithelium of the surface ; n, neck uf the gland with central and parietal cells ; /, base 
or fundus, occupied only by principal or central cells, which exhibit granules accumulated towards the 
lumen of the gland. 

been supposed to represent the parietal cells of the cardiac glands (see below), but 
this is probably not the case. 

In the glands of the second kind (figs. 91, 95, 96) — which may be termed, from 
the portion of the stomach where they occur most numerously, the cardiac glands 
(fundus glands of Heidenhain, oxt/ntic * glands of Langley) — the mouth, or part 
lined with epithelium like that of the surface, is comparatively short, and into it 
open two, three, or more tubules which are lined throughout and almost filled with 
short columnar or polyhedral cells ; these cells are in most respects similar to the 



* Prom oiuSf acid ; since they contain the cells which are believed to produce the acid of the gvtric 
secretion. 
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secreting cells of the pyloric glands, but are much more coarsely granular. They 
were termed by Heidenhain the principal cells of the glands ; they are also known 
as the central cells. Between these cells and the basement membrane of the tubule 
other cells of a different nature are interpolated in the cardiac glands. These are the 

Fig. 96. — A CARDIAC OLAHD FROM THE DOO's 

STOMACH. (Klein and Noble Smith.) 
Highly magnified. 

df duct or mouth of the gland ; b, base 
or fundus of one of its tuboles. On the 
right the base of a tubule more highly mag- 
nified ; c, central cell ; p, parietal celL 

superadded, parietal^ or oxyniic cells. 
They were long thought to be the 
only cells of the cardiac glands, and 
were on that account known as 




Fig. 97. — A GASTRIC OLAHD : THK LUMKK 
SHOWN BY CHROMATK UF SILYKR. (E. 

Miiller.) 
The cells are not represented, but the ex- 
tension of the lumen into the networks 
surrounding the parietal cells is well shown. 

" peptic cells," a term which must 
now be entirely discarded. 

The parietal cells are rather more 
closely arranged in the neck of the 
They usually cease abruptly at the upper part of the neck, but 
be found under the columnar epithelium of the mouth or 
even of the general surface. In the human stomach they are only absent from the 
glands which are quite near the pylorus. 



gland than elsewhere, 
occasional cells mav 
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In some animals (porpoise, pig) the parietal cells lie each in a speoial pic formed by base- 
ment membrane, and commnnicating with the rest of the gland only by a narrow orifice. In 
the glandnlar stomach of birds they line secondary tnboles which lead oat of the main tnbnle, 
this alone being lined by principal cells. In the frog and other amphibia the cardiac glands 

Fig. 98. — Crosb-siotion of oardiao 

OLAHD8 PBOM THB HUMAN STOMAOH, 
SHOWING THB CONDITION OF THS 

0SLL8 DURING FASTING. (Bobm and 
T. Davidoff.) ^s. 

r, centnil cell ; l, lamen of gland ; 
f>, parietal cell ; t, connective tissue 
between glands. 

have only parietal or oxyntic cells, 
the principal cells being altogether 
absent, bat glands containing cells 
which are similar in appearance and 
fanction to the principal cells of the 
stDraach are found in the oesophagns.. 

The parietal cells have a finely 
granular appearance in the fresh 
condition, bnt in the gland hardened 
in alcohol are much darker and more 
grannlar-looking. This appearance 

is due, according to Klein, not to the presence of actual granules within the cells, but to the 
existence of a close and uniform intracelluUu- network (fig. 96). They are more readily 
stained than the principal cells. 

Fine intercellular passages extend from the lumen of the gastric glands between the 
lining epithelium celk, and in the case of the cardiac glands these passages pass to the parietal 
cells and invest them with a pericellular network (E. MiUler) (fig. 97). 





Pig. 99. — CrOSS-SBOTION of cardiac glands from THB human STOMACH, SHOWING THS CONDITION OF 

THK crlls during digrstion. (Bdhm and v. Daridoff.) ^^ 
(References as in Fig. 98.) 

The cells of the gastric glands undergo changes during the functional activity of the 
organ which are strictly comparable to the changes that have been described in the cells of the 
serous salivary glands. The principal cells of the cardiac glands are enlarged and almost fill 
the lumen of the tubule in the intervals of digestion, and in this so-called " resting" or '* loaded * 
condition they are in some animals granular throughout, while in others there is a small outer 
zone clear of granules. But they become smaller and distinctly differentiated into two zones 
during activity, some of the granules becoming dissolved and discharged with the secretion, 
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and the rest tending to wards the lumen of the g^land so as to leave the outer half or third of 
the cell clear of granules (fig. 95). After digestion has ceased the outer parts of the cells 
become again partially or wholly occupied by granules (Langl^). On the other hand the 
parietal tsells of the cardiac glands are smaller during f asting, and are then angular in form 
(fig. 98). During digestion, on the other hand, they become enlarged and more spheroidal, 
bulging out the tunica propria of the glands (fig. 99). 

Heidenhain first showed that both the central cells and the parietal cells undergo a change 
of size during digestion, becoming at first enlarged and subsequently shrinking to leas than 
their Volume during rest. The changes occur later in the parietal than in the central cells. 

The secreting cells of the pyloric glands undergo changes which are similar to those of the 
central cells of the cardiac glands (Ebstein). 

Between the glands and at their base the mucous membrane consists of delicate 
connective tissue with retiform lymphoid tissue in small amount. 

A thin layer of plain muscular tissue (muscularis mucosa^ fig. 91, m.m.) bounds 

Fig. 100. — Sbctioh throvoh tub 

GOATS OP THB STOMACH TO 
SHOW THK ARRANGRiniNT OF 
THK PRINCIPAL BL00D-VK6- 

SKLS (Mall.) 

On the right side of the figure 
the glandular and muscular ele- 
ments are shown ; on the left only 
the blood-Tossels. ItwiU be seen 
that the principal vessels are in 
the submucous tissue, and that 
from these, branches are distrib- 
uted to the mucous membrane and 
to the muscular coat. 

the mucous membrane ex- 
ternally, separating it from 
the submucous tissue. It 
consists of more than one 
stratum (an outer longitu- 
dinal and an inner circular), 
and is better marked in 
some animals than in man. 
Offsets pass from it between 
the gastric glands towards 
the surface of the mucous 
membrane. 

Lymphoid Follicles. 
— The stomachs of young 
persons sometimes present 
a mamlllated aspect,' due 
to little elevations of the 
surface, which are pro- 
duced by local accumnla- 
tions of lymphoid tissue, and somewhat resemble the solitary follicles of the 
intestine in appearance. The lymphoid accumulations in question are situated 
amongst the glands, and do not extend into the submucous tissue ; they are 
not so distinctly circumscribed as those of the intestine, but fade off into the 
surrounding retiform tissue. They are most numerous near the junction of the 
stomach and small intestine (Watney). They vary in development in different 
individuals, and are sometimes not to be found at all. 

Vessels and ITenres. — The stomach is a highly vascular organ. Its arterial 
branches, derived from all three divisions of the caliac axis, reach the stomach 
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between the folds of the peritoneuniy and forni, by afiafitomosing together, ttvo 
principal arterial arches^ which are placed along its two curvatures. Their branches 
pass through the muscular coat (to which in passing they give off some arterioles) 
and divide into smaller vessels in the submucous areolar tunic, where they also 
freely anastomose, and whence they are distributed to the mucous membrane and to 
the muscular layers. The arterial branches (fig. 101, a) which enter the mucous 
membrane, pass between the tubuli, ramifymg freely in a radial manner ; here 
they form a plexus (d) of fine capillaries upon the walls of the tubules ; and from 
this plexus larger vessels pass into a coarser capillary network around the mouths of 
the glands. The veins, fewer in number than the arteries, arise from the latter 
network, and take an almost straight course (Cf e) through the mucous membrane 
between the glands and join to form a plexus of larger vessels near the bases of the 
glands. From this plexus branches pass off, which, after piercing the muscularis 
mucosae anj forming a wide venous plexus in the submucous tissue, return the 





Pig. 101.— PlAK op the BL00D-VBS3ELS OP THE MUCOUS MEMBBANR OP THE STOMACH. 

(Modified from Brinton.) 

a, small arteries passing to break up into the fine capillary network, d, between the glands ; 6, 
coarser capillary network around the mouths of the glands ; c, c, veins passing vertically downwards 
from the superficial network ; e, larger vessels in the submucosa. 

Pig. 102. —Lymphatics op the human gastric mucous membrahb, injected (from Lov6n). 

The tubules are only faintly indicated ; a, muscularis mucosse ; b, plexus of* fine vessels at base of 
glands ; c, plexus of larger valved lymphatics in submucosa. 

residual blood into the splenic and superior mesenteric veins, and also directly 
into the vena portee. These veins, as well as other tributaries of the vena porta, 
have a particularly i^ell-marked muscular coat, and contain numerous valves 
(Hochstetter). 

The lymphatics are very numerous. As shown by Lov^n, they arise in the 
mucous membrane (fig. 102) by a dense network of lacunar spaces, situated between 
and amongst the gland-tubuli, which, as well as the blood-vessels, in many parts 
they enclose in sinus-like dilatations. Near the surface of the membrane the lymph 
is collected into vessels which form loops or possess dilated extremities : these 
vessels are less superficial than the blood capillaries. At the deeper part of the 
mucous membrane the interglandular lymphatics pass into a plexus of fine 
vessels (6), immediately underlying the tubular glands ; then piercing the 
muscularis mucosae (a), they form a coarser, more deeply-seated network (c) in the 
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BubmacouB' coat, the vessels of this network being provided with valves. Thence 
eflFerent lymphatics proceed, and, piercing the muscular coats, follow the direction of 
the blood-vessels beneath the peritoneal investment, and traverse lymphatic glands 
found along the two curvatures of the stomach. 

The nerves, which are large, consist of the terminal branches of the two pneumo- 
gastric nerves, belonging to the cerebro-spinal system, and of offsets from the 
sympathetic system, derived from the solar plexus. The left pneumo-gastric nerve 

Pig. 103. — ^Vl«W OP THB PYLORUS AND DUODBHUM FROM 
BKfORK. ThK 8T0XACH AND DUODENUM HAVE BEEN 
DISTENDED AND HARDENED IN SPIRIT, AND THE GREATER 
PART OF THB 8TOMA0H THEN CUT AWAT. (SlighUv 

altered from Loschka.) { 

12, the twelfth dorsal vertebra and rib ; 1, 3, 4, 5, trans- 
verae processes of the first, third, fourth, and fifth left lumbar 
vertebne ; 2, that of the second on the right side ; a, a, the 
abdominal aorta above the coeliac axis and also near the 
bifurcation ; m, superior mesenteric artery ; r, v, the vena 
cava above the renal veins and near the bifurcation ; p, placed 
on the first part of the duodenum, points to the pyloric 
orifice seen from the side next the stomach, of which a small 
part is left connected with the intestine ; dy on the descend- 
ing part of the duodenum, indicates the termination of the 
common bile-duct and the pancreatic duct ; d\ the ascending 
part of the duodenum ; j, the commencement of the jejunum. 
(This is represented as drawn over to the left, instead of 
curving forward, as is actually the case.) 

descends on the front, and the right upon the back of the stomach, and both 
nerves are here composed almost entirely of non-mednllated nerve-fibres. Numerous 
small ganglia have been found by Remc^ and others on both the pneumo-gastric and 
sympathetic twigs. The nerves form gangliated plexuses (like the plexuses of 
Auerbach and Meissner) of the intestine, both between the layers of the muscular 
coat and in the submucous coat. From these plexuses neiTC-fibrils proceed to the 
muscular tissue and to the mucous membrane. 

The Pyloms. — ^While there is no special apparatus at the cardiac orifice of the 
stomach for closing the passage from the oesophagus, the opening at the pyloric 





Fig. 104. — Section irHROuoH pyloric part op 

STOMACH AND COMMENOBMENT OF DUODENUM, 
FROM A SPECIMEN HARDENED IN SITU. (J. S. ) \ 

a, a, a, longitudinal folds of the mucous mem- 
brane in pyloric part of stomach ; 6, section of 
mucous membrane ; c, circular muscular fibres of 
stomach : the longitudinal fibres are just visible to 
the naked eye as a narrow line external to the 
circular fibres ; d, duodenum ; p, pyloric orifice. 

end, leading from the Btomach into the 
duodenum, is provided with a sphincter 
muscle. On looking into the pyloric end 
of a distended stomach, the mucous membrane is seen projecting in the form 
of a circular fold, called the pylorus, leaving a correspondingly narrow opening. 
Within this fold are circular muscular fibres, belonging to the general system 
of circular fibres of the alimentary canal, which are here collected in the form of 
a strong band, whilst the longitudinal muscular fibres and the peritoneal coat 
pass over the pyloric fold to the duodenum, and do not enter into the forma- 
tion of the sphincter (fig. 104, p ; fig. 105). Externally the pylorus may be 
easily felt, like a thickened ring, at the right end of the stomach, whei*e also a 
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slight external constriction is visible. Internally its opening is nsually cirenlar, 
and even when the stomach is artiliciallj distended after death it measures less than 

Fig. 105. — DlAGKAXXATIC TIMW IK PKB^nBGTITK OF A POETIOX 
OF THK COATS OF THB STOMACH AXD DUODKKUM, IKCLCDIXO 

THS pTLOECs. (Allen Thomson. ) 

<7, the inner soiface of the gastric macous membrane ; g\ 
section of the mnooos membrane with the pyloric gastric 
^^Uods ; r, the Tillous surface of the mucous membrane of 
the doodennm ; t. section of the same with the intestinal 
glands or crypts of Lieberkiihn ; p jd, the ridge of the pvloric 
ring, with a section of its component parts ; m», doep or cir> 
cular layer of mnscular fibres : these are seen in the section to 

form the pyloric sphincter ; me, external or longitudinal layer of muscular fibres ; i, the serous 
covering. 

half an inch (12 mm.) across, so that it is the narrowest part of the whole alimentary 
canal. 

Occasionally the orifice is oval, and it is often placed a little to one side. 
Sometimes the circular rim is imperfect, and there are found instead two crescentic 
folds, placed one above and the other below the passage (Huschke) ; and, lastly, 
there is occasionally but one such crescentic fold. 

When the sphincter is contracted the longitudinal fibres covering it are bowed 
inwards, and these, if they contract at the same time that the sphincter muscle 
relaxes, will tend to dilate the orifice. 
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THE SlIALL INTESTINE. 



The small inteBtine commences at the pylorus, and, after many convolations, 
terminates in the large intestine. It measures, on an average, about 22 feet in 
length in the adult, and becomes gradually narrower from its upper to its lower end. 
Its convolutions occupy the middle and lower parts of the abdomen, and also 
frequently descend into the pelvis. 

The small intestine is divided into three portions, which have received different 
names. The first ten or twelve inches immediately succeeding to the stomach, and 
comprising the widest and most fixed part of the tube, is called the duodenum. 
This part is further distinguished by its close relation to the head of the pancreas, 
and by the absence of a mesentery. The remainder, which is arbitrarily divided 
into an upper two-fifths called the ^wnwm, and a lower three-fifths called the ileum^ is 
very convoluted and movable, being connected with the posterior abdominal wall by 
a long and extensive fold of peritoneum called the mesentery, and by numerous 
blood-vessels and nerves. Although there is no distinct line of demarcation between 
the jejunum and the ileum, yet the portion of the small intestine included under 
these two names gradually undergoes certain changes in structure and appearance 
from above downwards, so that the upper end of the jejunum can r^ily be 
distinguished from the lower part of the ileum. 



STBUCTUBB OF THX BICAIjL ZKTBBTINIl. 

The small intestine, like the stomach, is composed of four coats, viz., the serous 
or peritoneal, muscular, areolar, and mucous. 

The external or serous ooat almost entirely surrounds the intestinal tube in the 
whole extent of the' jejunum and ileum, leaving only a naiTow interval behind, 
where it passes off and becomes continuous with the two layers of the mesentery. 
The line at which this takes place is named the attached or mesenteric border of the 
intestine. The duodenum, on the other hand, is but partially covered by the 
peritoneum. 

The musciilar coat consists of two layers of fibres ; an outer longitudinal, and 
an inner or circular set. The longitudinal fibres constitute an entire but com- 
paratively thin layer, and are most obvious along the free border of the intestine. 
The circular layer is thicker and more distinct. 

The muscular tunic becomes gradually thinner towards the lower part of the 
small intestine. It is pale in colour, and is composed of plain muscular tissue, the 
cells of which are of considerable length. The progressive contraction of these 
fibres, commencing in any part of the intestine, and advancing in a downward 
direction, produces the peculiar vermicular or peristaltic movement by which the 
contents are forced onwards through the canal. In the narrowing of the tube the 
circular fibres are mainly concerned, the longitudinal fibres tending to produce 
dilatation (Exner) ; and those found along the free border of the intestine may have 
the effect of straightening or unfolding its successive convolutions. There is a 
gangliated plexus of nerve-fibres and a network of lymphatic vessels between the 
two muscular layers. 

The submncoiui ooat of the small intestine is a kyer of areolar tissue of a 
loose texture, which is connected more firmly with the mucous than with the 
muscular coat. Within it the blood-vessels ramify before passing to the mucous 
membrane, and there is a gangliated plexus of nerve-fibres and a network of laro-e 
lymphatic vessels. 
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The internal coat or mncons membrane is characterified by the finely floccolent or 
shaggy appearance of its inner surface, resembling the pile npon velvet.. This appear- 




Fig. 106. — Diagram showing thb position of the thohacic and abdominal organs. 

(Rauber after Loschka.) 

1, Lower border of the right lang ; 2, the same of the left lung ; 3, liver, right lobe ; 4, liver, left 
lobe ; 5, suspensory ligament of the liver ; 6, fundus of gall-bladder ; 7, cardia of stomach ; 8, fundus 
of stomach ; 9, lower border of stomach ; 10, position of pylorus ; 11, caecum ; 12, vermiform appendix ; 
13, ascending colon ; 14, right flexure of colon ; 15, transverse colon ; 16, position of left flexure of 
colon ; 17, descending colon ; 18, portion of sigmoid colon, concealed by 19, convolutions of the small 
intestine ; 20, termination of ileum, ascending from left to right ; 21, bladder, distended, partly 
covered by peritoneum ; 22, the part of the bladder which is not covered by peritoneum. 



ance is due to the surface being thickly covered with minute processes named villi. It is 
one of the most vascular membranes, in the body, and is naturally of a reddish 
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colonr in the npper part of the small intestine, bat is paler, and at the same time 
thinner, towards the lower end. It is lined with columnar epithelium throughout 
its whole extent, and next to the submucous coat is bounded by a layer of plain 
muscular tissue {muscularis mticoact) ; between this and the epithelium the sub- 
stance of the membrane, apart irom the tubular glands which will be afterwards 
described, consists mainly of retiform tissue which supports the blood-vessels, 
nerves, and lymphatics (lacteals), and encloses in its meshes numerous lymph- 
corpuscles. 

Fig. 107. — POBTION OF SMALL IKTBSTINK DISTKNPKD 
WITH ALCOHOL AND LAID OPKN TO SHOW THE 
VALYULli OONKIVBNTES. (firinton.) 

ValToln conniventes. — The mucous 
membrane, in addition to small effaceable 
folds or rugse, possesses also permanent 
folds, which cannot be obliterated, even 
when the tube is forcibly distended. 
These permanent folds are the valvula 
conniventes or valves ofK&rkring. They are crescentic projections of the raucous mem- 
brane, placed transversely to the axis of the bowel and following one another closely. 
The majority of the folds do not extend more than about one-half or two-thirds 
round the interior of the tube, but it has been shown by Brooks and Kazzander that 
some form complete circles, and others spirals. The spiral forms may occur singly 
or in groups of two or three. They generally extend a little more than once round 
the bowel, but in rare cases may go round two or three times. At their highest 
point they project inwards for about a third of an inch. Some of the valvul® 
conniventes are bifurcated at one or both ends, and others terminate abruptly. 
Each consists of a fold of mucous membrane, that is, of two layers placed back to 





Fig. 108.— Small portioh of the surface of 

THE MUCOUS MEMBRANE OF THE SMALL IKTES- 

TINE. (Rauber.) ^ 
1, mouths of tirypts of LieberkUbn ; 2, villi. 

back, and united together by submucous 
areolar tissue. They contain no part of 
the circular or longitudinal muscular 
coats. Being extensions of the mucous 
membrane, they serve to increase the 
absorbent surface to which the food is 
exposed. 
The valvulaj conniventes are not uniforaily distributed over the various parts of 
the small intestine. There are none quite at the commenc*ement of the duodenum ; 
a short distance from the pylorus they begin to appear ; beyond the point at which 
the bile and pancreatic juice are poured into the duodenum they are very 
large, regularly crescentic in form, and placed so near to each other that the 
intervals between them are not greater than the breadth of one of the vahes ; they 
continue thus through the rest of the duodenum and along the upper half of the 
jejunum ; below that point they begin to get smaller and farther apart, and finally, 
towards the middle or lower end of the ileum, having gradually become more 
irregular and indistinct, sometimes even acquiring a very oblique direction, they 
altogether disappear. 

The Tilli, peculiar to the small intestine, and giving to its internal surface 
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the Telvety appearance already 
spoken of, are small processes of 
the mncoos membrane, which 
are closely set on every part of 

Fig. 109.— Sbotion of the human 

IHTESTIITAL MUCOUS MBMBRANB 

(? child), showing THRBB VILU 
WITH CRTPTS OF LlBBBRKi^HN. 

(Bdhm and v. Davidoff. ) a^ 

the inner snrface over the valvnlss 
conniyentes, as well as between 
them. 

Their length varies from 
0*5 mm. to 0*7 mm., or some- 
times more. They are largest 
and most numerous in the 
duodenum and jejunum, and 
become gradually smaller, and 
fewer in number in the ileum. 
According to Rauber, they are 
short and leaf-shaped in the 
duodenum, and as the gut is 
followed downwards they become 
gradually longer and thinner, so 
that they are tongue-shaped in 
the jejunum, and filiform in 
the ileum. Occasionally two or 
three are connected together at their base. In the upper part of the small 
intestine there are from 10 to 18 villi in a square millimeter, and in the ileum from 
8 to 14 in the same space. This would give about 4 millions altogether (Krause). 

Fig. 110. — Part of a sbotion 

THROUGH A VILLUS OF THE 
DOG, HIGHLY MAGNIFIED. 

(R. Heidenhain.) 

M, m, TDascolar fibres ; l^ Vy l", 
lymph-corpuscles ; bl, blood-ves- 
sels ; c, braDche<l connective tissue 
corpuscles, covering the reticular 
fibres. The epithelium of the villus 
is not represented. 

Chaput describes the villi 
as being so closely arranged as 
to be separated merely by 
narrow clefts into which the 
crypts of Lieberkiihn open. 
This may be the case in the 
empty condition of the in- 
testine, but when it is dis- 
tended they are necessarily 
more separated from one 
another as-nsaally described. 

A villus consists of a 
prolongation of the proper 
mucous membrane. It is 
covered by columnar epi- 
thelium (tig. 109), and en- 
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closes a network of blood-vessels, one or more iTmphatic vessels (laeteals), and a few 
longitudinal plain moscalar fibre-cells, these being all supported and held together by 
retiform lymphoid tissue. Under the epithelium is a basement membrane composed of 
flattened cells, which on the one hand are connected with the branched cells of the 
retiform tissue, and on the other hand send processes between the epithelium-cells. 
Nervous fibrils penetrate into the villi from the plexus of Meissner, and form arbori- 
zations throughout their whole substance (fig. 180, p. 99). Each villus receives, as a 
rule, one small arterial twig, which runs from the submucous coat through the mns- 

Fig. 111.— Maokified view of the 

BL00D-TE88EI.8 OF TUE I5TE8TIXAL 

VILLI. (Sharpey.) 

The drawing was taken fi*om a pre- 
paration injected by Lieberktthn, and 
shows, belonging to each villus, a smaU 
artery and vein with the intermediate 
capiUary network. 

cularis mucosas to the base of the 
villus, and then up the centre to 
near the middle of the villus, 
where it begins to break up into a number of capillaries (fig. 111). These 
form near the surface, beneath the epithelium and limiting membrane, a fine 
capillary network, from which the blood is returned for the most part by one 
or two venules, which in man commence near the tip of the villus, and pass 
down to its base to join the venous plexus of the mucous membrane, whence 
the blood is conveyed to the large veins of the submucosa. The general 
arrangement of the vascular supply of the villi varies considerably in different 
animals. 

Fig. 112.— Cross section of a villus of 
THE cat's intestine. (Highly magni- 
fied.) (E. A. S.) 

e, colnmnar epithelium ; g^ goblet cell, 
its mucns is seen partly exuded ; 2, lymph - 
corpuscles between the epithelium cells ; 6, 
basement membrane ; c, blood-capillaries ; 
m, section of phiin muscular fibres; c./., 
central kcteal. 

The lacteal lies in the centre of 
the villus (figs. 112, 118, 114), and 
is in the smaller villi usually a single 
vessel, with a closed and somewhat 
expanded extremity, and of con- 
siderably larger diameter than the 
capillaries of the blood-vessels around. According to the observations of Teich- 
mann, there are never more than two intercommunicating lacteals in a single 
villus in the human subject (fig. 113, b) ; but both he and Frey found a copious 
network in the villi of the sheep. Like the lymphatics elsewhere, the lacteals in 
the villi are bounded by a delicate layer of flattened epithelial cells. These are 
connected with the branched cells of the tissue of the villus (fig 110, c), and 
these again with the flattened cells which form the basement membrane ; from 
the latter, prolongations extend between the epithelium-cells towards the surftice. 

The muscular tissue within the villus was discovered by Briicke ; it consists 
of a thin stratum of plain fibre-cells disposed longitudinally around the lacteal ; 
on being stimulated in animals they produce an obvious retraction of the villus. 
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This moscalar tissue is a prolongation from the muscalaris macosss. The fibre- 
cells at the sides and towards the end of the villus pass from the lacteal to be 





Fig. 113. — Injected lacteal vessels im two villi of the human intestine. 
100 DIAMETERS. (Teichiuano. ) 

The lacteals are represented as filled with white substance and the blood-vessels with dark, a, b, 
the lacteal vessels, single in one villus and double in the other ; o, the horizontal lacteal vessels with 
which those of the villi communicate ; d, the blood-vessels, consisting of small arteries and veius with 
capillary network between. 

Fig. 114. — Vertical section of the intestinal mucous membrane of the rabbit. 
(Slightly altered from Frey.) -4^ 

Two villi are represented, in one of which the dilated lacteal alone is shown, in the other the blood - 
veftsels and lacteal are both seen injected, the lacteal white, the blood-vessels dark : a, the lacteal 
vessels of the villi ; a', horizontal lacteal, which they join ; 6, capillary blood-vessels in one of the 
villi ; e, small artery ; d, vein ; e, the epithelium covering the villi ; ^, tubular glands or crypts of 
LieberkUbn, some divided down the middle, others cut more irregularly ; t, the submucous layer. 

A, cross section of three tubular glands more highly magnified. 

attached to the basement membrane (fig. 110, m. m.) ; usnally their attachment to 
this is forked, a connective tissue corpuscle filling up the interval (Watney). 

B. 





-s^-^ 



Fig. 115. — Columnar epithelium cells of the rabbit's intestine. (E, A. S.) 

A. Two ceUs isolated after maceration in very weak chromic acid. They are much vacuolated, 
and one of them (2) has a fat-globule attached near its end ; the striated border (ttr.) is well seen, and 
the bright disk separating this from the ceU-protoplasm ; n, nucleus with intranuclear network ; a, a 
thinned out wing-like projection of the cell which probably fitted between two adjacent cells. 

B. A row of columnar ceUs from an intestinal villus of the rabbit, ttr, striated border ; 10, smaller 
cells of the nature of lymph-corpuscles, between the epithelium cells. 

Columnar epithelium cells (figs. 109, 112, 115) cover not only the villi but also 
the rest of the surface of the intestine, and extend into the tubular glands. Their 
general characters have already been described under the head of '* Epithelium " (see 
Vol. I., Part 2, pp. 199, 200). 
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They are set upon the surface of the basement membrane often by a somewhat 
flattened extremity. There is never any continuity between their attached 
extremity and the branched corpuscles of the retiform tissue of the Tillus, such 
as has often been supposed to exist ; on the contrary, the epithelium separates 
with the greatest readiness from the subjacent tissue, and almost always with a 
simple truncated extremity, sometimes pitted but never much bmnched. Between 

Fig. 116.--SBCTI0N OP PART OF A RAT's 
VILLUS DURIKO ABSORPTION OF FAT. 

(E. A, 8.) Osmic acid preparation. 
Highly magnified. 

ep, epithelium, filled with fatty particles ; 
8tr, striated fiee border; c, lymph-cor- 
puscles in the tissue of the villus, containing 
fatty particles ; c', others between the epi- 
thelium cells ; If central lacteal, containing 
chyle and disintegrating leucocytes. 

the epithelium cells are leucocytes 
in variable number, but most nu- 
merous in the lower part of the 
intestine and near the lymphoid 
follicles. They often show indica- 
tions of division by karyokinesis. 
They may lie free in small (lymph) 
spaces between the columnar cells. 

There is frequently a well-marked 
layer of granular eosinophil cells im- 
mediately below the epithelium of 
the villi (Hardy). 

Amongst the ordinary epithelium cells are others (fig. 112, g), the outer half 
of which is filled with mucigen, and in some this has become discharged as 
mucus from the cell, and the free end is ruptured {goblet cells, see Vol. I., 
Part 2, p. 200). The number of cells containing mucus varies much in diflerent 
animals, and perhaps, under different conditions, in the same animal. There are 
comparatively few in the glands of the small intestine. The epithelial cells are 
in all probability the primai'y agents in promoting the absorption of the food 
materials from the interior of the gut, and the seat of the retrograde processes of 

Fig. 117. — Skctiok of irog*8 intestine during absorp- 
tion OF FAT. (B. A. S.) Osmic acid preparation. 
Highly magnified. 

ept epithelium ; str, its striated border ; I, lacteal ; 
c, e, lymph-corpuscles containing fine fatty particles. 
The fatty particles in the epithelium cells are coarse in the 
peripheral and fine in the central zone of each cell. 

metabolism which the products of digestion 
undergo during absorption. Most food materials 
cannot be traced in microscopic specimens, but 
fetty substances, from their property of becom- 
ing stained with osmic acid, can be to some extent followed. The examination of 
such specimens taken during digestion of a meal containing fat shows the 
epithelium cells turbid with oil-droplets in their interior ; and in some animals 
(frog, rat), at a subsequent stage amoeboid cells within the tissue of the villus 
appear pervaded with similar but finer fatty particles, and eventually the central 
lacteal becomes filled with these. It is probable that the amoeboid lymph-corpuscles 
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which are found so abmidaiitlj within the tissue of the villus, and even amongst 
the epitheUom-cells of the surface, play an important part in the transference of 
snch particles firom the epithelium-cells to the lacteal, for at certain stages of fat 
absorption thej contain abundant fattj particles, and the large amount of lymphoid 
tissue in the lower end of the small intestine seems to be related to a greater power 
of absorption in that part of the gut. In the transference of carbon particles 
in the lungs from the interior of the alveoli to the lymphatics, which at least in 
part is due to the activity of amoeboid cells, we have an analogous process. 

In other animals (dogs) the absorption of fat appears to occur in a fluid form, 
and here we see darkly stained streaks extending {h)m the inter-epithelial spaces 
to the borders of the central lacteal. 

It has been denied by Heidenhain that the lymphoid cells of the intestine contain fatty 
particles daring fat absorption : he states that the particles within them which are stained 
black by osmic acid are not fatty bat albaminoas, beinsr insolable in ether. This is, however. 





Pig. 118.->SBOnON 07 THE MUCOUS MBMBRAVB OF TBI SMALL INTISTIMI ACROSS TBI 0RTPT8 Or 

LiRBiRKiJBX. (Raaber.) ^^^ 
(The blood-veflsels had been injected in this preparation. ) 

Fig. 119. — Ltmpboid or rktitorm tissuk or tbr intistihal mucous membranr of tbb shbkp 
(from Frey). Maonifiko 400 diametbrs. 

Cross section of a small fragment of the mneoas membrane, including one entire crsrpt of Lieber- 
ktihn and parts of several others : a, cavity of the tubular glands or crypts ; h, one of the lining 
epithelial cells ; e, the lymphoid or retiform spaces, of which some are empty, and others occupied by 
lymph-cells as at d. 

not correct. Many of the particlss which the lymph-cells contain dorinj? fat absorption 
anqnestionably dissolve in ether and other solvents of fat,althoagh there are some cells which 
contain particles which are undissolved by those re-agents. These may be of an albaminons 
nature, or they may still be fatty, but so modified by the action of the osmic acid as to have 
been rendered insolable in ordinary fat solvents. In the trog^ where absorption proceeds 
more slowly, and can be more easily traced, no fat is to be seen anywhere but in the epithelium 
cells, in the leucocytes, and in the laoteals. In the g^ainea-pig also, as Heidenhain has himself 
shown, amoeboid cells take up the whole of the absorb3d fat, after it has traversed the epithe- 
lium. In other animals absorption may take place so rapidly that the absorbed fat, after being 
finely divided and modified in the epithelium cells, may be set free between them without all 
being immediately taken up by leucocytes. EventuaUy, however, most of it appears to be 
removed by these cells. The agency of the epithelium cells in fat absorption has been denied 
(Watney, Zawarykin), but on entirely insufficient grounds, for the absorbed fat is very easily 
shown within those cells. 

Olaads. — Two kinds of small secreting glands open on the inner snrface of the 
intestine, viz., the crypts of Lieberkiihn, and Bmnner's glands, the last being 
peculiar to the duodennm. In addition to these, numerous lymphoid nodules are 
found, which are either scattered and isolated (solitary glands) or collected into 
patches (Peyer's glands). 

The crypts of Liaberkuhn, the smallest but most numerous of these glandular 
structures, are found in every part of the small intestine, opening on the surface 
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between the villi (figs. 109, 114, 118, 119). They consist of minute tubes, closed 
at their attached extremity, which is slightly enlarged, and placed more or less per- 
pendicularly to the surface, upon which they open sometimes two or three together. 
The crypts of Lieberkiihn vary in length from 0*2 to 0*3 mm., and their diameter is 
about 0'04 mm. They are longest in the duodenum. The walls of the tubes are 
formed of a basement membrane, lined with a columnar epithelium (fig. 119), the 
deepest cells of which — those, that is to say, at the fundus of the glands, are in 
some animals filled with granules (Paneth). Ooblet-cells occur here and there 
amongst the ordinary cells. 

Although it is usaally believed that macus-seoreting or goblet ceUs may be formed from 
any of the columnar epithelium ceUs of the intestine, it would appear from the observations 
of Bizzozero, that the granules of the cells of the gland-fundus are mucigen-granules, and that 
it is these cells which give rise to the goblet cells not only of the glands themselves but also 
of the surface epithelium of the mucous membrane and villi. In this process they become 
gradually shifted in position, their place being taken by other cells formed by a process of 

Fig. 120.— -Skotioh THRouaH thi oom- 

MIHOIMIHT or TBI DUODIHUM AT 

TBI PYLORUS. (Klein.) 

V, viUi ; b, apex of a lymphoid 
nodule ; e, crypts of lieberktUui ; m, 
muscolaris mucoss ; «, secreting tubes 
of Bnmner*8 glands ; d, ducts of pyloric 
glands of stomach ; g, tubes of these 
glands cut across in mucous membrane ; 
t, deeper lying tubes situated in sub- 
mucous tissue, and corresponding with 
Bmnner's glands of the intestine. 

cell-division at the base of the glands. 
While this seems to be the mode of 
production of the goblet or mucus- 
producing cells, the ordinary co- 
lumnar cells appear to be formed 
near the mouths of the glands, 
where karyokinetic figures are com- 
mon (they are very rare on the villi 
themselves), and to become shifted 
along the villi as any of the columnar 
cells of those organs become de- 
stroyed. 

Bmnner's glands are small compound acinotubular glands, which exist in the 
duodenum, where they are most numerous at the upper end, in general occupying 
thickly a space extending from one to two inches beyond the pylorus. A few of 
them are said also to be found quite at the commencement of the jejunum. They 
are imbedded in the submucous coat, and may be exposed by dissecting off the 
muscular coat from the outside of the intestine. They may extend partly into 
the mucous membrane between the crypts of Lieberkiihn. In structure they 
somewhat resemble the small glands which are found in various parts of the lining 
membrane of the mouth and elsewhere, each consisting of a number of tubular 
alveoli, connected by the terminal ramifications of the duct, which latter penetrates 
the muscularis mucosae, and opens upon the inner surface of the intestine. The 
ducts open either between the crypts of Lieberkuhn or in some cases into the bases 
of the crypts (Schaffer). In sections through the pylorus the glands of Brunner 
appear like direct continuations of the pyloric glands of the stomach (Watney), 
which they closely resemble in structure, but they are somewhat more complicated 
and more deeply seated. 

The solitary glands are soft, white, rounded, and slightly prominent bodies 
0*6 mm. to 3 mm. in diameter, which are found scattered over the mucous 
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membrane in every part of the small intestine. They are found as well at the 
mesenteric as at the free border, both between and npon the valval conniventes, 
and are rather more nomerons in the lower portion of the bowel. These so-called 

Kg. 121. — Sectiok of a solitary 

GLAHD or THl SMALL IHTRSTIIIB. 

(Cadiat) 

c, c, villi, partially deprived of 
their epithelium ; d, crypts of Lieber- 
ktthn ; a, solitaiy gland composed of 
retiform lymphoid tissue, which has 
become partly broken away in pre- 
paring the section ; b, epithelium 
covering the apex or cupola of the 
follicle ; e^ e^ muscularis mucosae ; 
/, submucous coat. 

glands are in structure similar 
to the lymphoid nodules of 
various parts already described, 
consisting of clumps of dense 
retiform tissue, the meshes of 
which are closely packed with 
lymph-corpuscles, and per- 
vaded by fine capillaries. 
They are here and there 

united at the sides with the surrounding lymphoid ti^ue, but are at most points 
distinctly marked off from it, partly owing to the fact that their supporting 
retiform tissue becomes closer and finer, partly owing to their being surrounded 
by a rich plexus of lymphatic vessels ; or they even hang, as it were, into a lymphatic 

Fig. 122. — ^A SMALL PATCH OF PeTER's OLAHDS from TBI ILIUM. 

Sliohtlt maohifird (Boehm). 

(or lacteal) sinus, which may entirely surround the 
nodule, except next the inner surfsioe of the intestine. 
The epithelium over the nodule often has a large 
number of lymph-corpuscles between the epithelial 
cells. The base of the nodnle or follicle is situated in 
the submucous tissue ; but it extends upwards, through 
the muscularis mncosse, into the mucous membrane, 
causing a bulging of this towards the interior of the 
gut (as in fig. 124, d d). The prominent part of the 
follicle sometimes has villi upon it, and, placed around 
very irregularly, are seen the mouths of the crypts of 
Ldeberkiihn. 

The agminatad glands or glands of Peyar 
(who described them in 1677) are groups or patches 
of lymphoid nodules. The groups have an oblong 
figure (fig. 122), and vary from half an inch to two 
or even four inches in length, and from half an inch 
to about an inch in width (12 mm. to 120 mm. long 

and 12 mm. to 25 mm. broad). They are placed lengthways in the intestine at that 
part of the tube most distant fh>m the mesentery ; and hence, to obtain the best 
view of them, the bowel should be opened by an incision along its attached border. 

The lymphoid nodules which by their aggregation make up a Peyer*s patch are 
in almost all respects similar to the solitary glands above described. As a rule, their 
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fiurrace is free from villi, and the crypts of Lieberktthn are collected in circles 
around them. Fine blood-vessels are distributed abundantly on the exterior of the 

Fig. 123. — POBTIOH OF AV IVJICnD PBTI&'S 

PATCH (from EoUiker). Magvifiid. 

The drawing was taken from a prepara- 
tion made by Prey of the intestine of the 
rabbit. It represents the fine capillary net- 
work spreading from the sarronnding blood- 
vessels into the interior of three lymphoid 
nodules. 

follicles, and give off still finer capil- 
lary branches, which, supported by 
the retiform tissue, are disposed 
principally in lines converging to 
the centre (fig. 123). 

The lacteal plexuses, which are 
abundant in the whole extent of 
the intestine, are especially rich 
where they surround the follicles of 
Peyer's glands (fig. 124), often 
forming sinuses around them, as in 
the case of the solitary follicles 
above described. 
In all, from twenty to thirty of these oblong patches may in general be found ; 
but in ypung persons dying; in health as many as forty-five have been observed. 





Fig. 124.— Vertical skction of a portion of a patch of pktkr's glahds, with the lacteal 
VESSELS injected (after Frey). 32 diameters. 

The specimen is from the lower part of the ileum : a, vUli, with their lacteals left white ; 6, some of 
the tubular glands ; c, the muscular layer of the mucous membrane ; d, cupola or projecting part of the 
nodule ; e, central part ; /, the reticulated lacteal yessels occupying the lymphoid tissue between 
the nodules, joined above by the lacteals from the villi and mucous surface, and passing below into g, 
the reticulated lacteals under the follicles, which again pass into the large efferent lacteals, ^ ; i, part 
of the muscular coat. 

They are larger and placed at shorter distances from each other in the lower part of 
the ileum ; but in the upper portion of that intestine and in the lower end of 
the jejunum the patches occur less frequently, become smaller, and are of a nearly 
circular form ; they may, however, be discovered occasionally in the lower portion of 
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the duodenum. Sbill smaller irregularly shaped clusters of these follicles are 
sometimes found scattered throughout the intestine. 

The glands of Peyer are best marked in the young subject. After middle life 
they become less obvious, and disappear almost completely in advanced age, their 
remains being often indicated by dark colouration of the mucous membrane. 

Vessels and Nerves of the 




intestine. — The branches of 
the mesenteric artery, having reached 
the attached border of the intestine, 
pass round its sides, dividing into 
numerous ramifications, and frequently 
anastomosing at its free border. Most 
of the larger branches run immediately 
beneath the serous coat ; they then 




Fig. 125. — Section of small intkstink with blood- vkssels irjkoted. (Heitzmann. ) 

' V, tUH ; Of glands ; ^V, muscularis mucosse ; Aj areolar coat; R, circular, and L, longitudinal 
muBcnlar layers ; P, peritoneal coat. 

Fig. 126. — Section THKouaH part of a Peter's patch showing the lymphatics injected. 

(Modified from Heitzmann.) 

Vf yilli ; MM^ musculariH mucosse ; /*, lymphoid follicles ; M, mucous membrane ; T^ circular, and 
Lf longitudinal layers of the muscular coat ; P, peritoneal layer. The crypts of Lieberktthn are seen 
in this section. 

pierce the muscular coat, supplying it with a few vessels as they pass, and ramify 
in the submucous areolar layer, so as to form a close network. From this 
smaller vessels pass into the mucous coat. Some of these are the arteries of the 
villi, already described. Others pass to the mucous membrane and supply a 
network of capillaries surrounding its glands. Other branches again pass into the 
muscular coat from the vessels of the submucoea. The fine capillaries of the 
muscular coat are arranged in two layers of oblong meshes, which correspond in 

VOL. III., PT. 4. H 
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direction with the longitudinal and circular muscular fibres. The veins accompany 
the arteries, with which they correspond in general distribution. 




Fig. 127. — Lymphatic plkxus {I) and kkrvoos plexus (71) in the uusoulak cuat of the intestine 

(Anerbach). 

The lymphatics of the intestine (lacteals) may be conveniently distinguished as 
those of the mucous membrane aud those of the muscular coat. Those of the 




Fig. 128. — Plexus of Auekbach between the two layers ov the husoulaa coat om thk 
INTESTINE. (Cadiat. ) Chloride of gold preparation. 

mucous membrane form a copious plexus (figs. 124, 126), which I'eceives the central 
vessels of the villi, and pervades both the mucous and submucous layers — in 
the latter being of considerable sizse, and forming, as before mentioned, a close plexus 
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Fig. 129. — Plkxus of Mkisskkr, from thi 

SUBMUCOUS LATKR OF TBK INTESTIKl. 

(Cadiat) Chloride of gold prepara- 
tion. 

a, a, ganglia ; b, h^ cords of plexns ; c, a 
small blood-Tessel. 

or a sinus around the base of each 
Jjrraphoid follicle. Another set of 
lymphatics lies under the peritoneal 
coat, and is especially developed 
alono: a narrow strip at the 
attachment of the mesentery. In 
the mnsciilar coat the main plexus 
is situated between the circular and 
longitudinal layers of fibres (fig. 
127, /) ; and there are likewise close 
plexuses threading the whole thick- 
ness of the muscular wall. These 
lymphatics of the muscular coat are 
in complete continuity with those of 
the mucous membrane, and pass 
into larger vessels at the mesenteric 
border, which again run into the 
lacteal vessels of the mesentery. 

The nerves of the small intes- 
tine are chiefly derived fi*om the 

superior mesenteric plexus. This plexus is formed by nervous branches from the 
coeliac plexus, the semilunar ganglion, and from the vagus nerve. The plexus and 

Pig. 130. — NSRVE-KNDINOS IN TUB SMALL IN- 
TK8TINB OF THE GUINEA-PIG. (Cajal. ) 

Silver chromate preparation. 

a, b, e, df small nerve cells belonging to the 
interglandular plexus of the macous membrane ; 
e, /, corresponding cells belonging to the nerve- 
plexus of the villi ; M, nerve-fibres belonging 
to the plexus of Meissner, distributed to the 
muscularis roncoss. 

plexiform branches into which it divides 
cling at first very closely to the larger 
divisions of tlie superior mesenteric 
artery, and, dividing similarly with 
the ramifications of the arteries, the 
branches of the nerves, retaining still a 
wide plexiform arrangement, pass on- 
wards to the different parts of the 
intestine between the two folds of the 
mesentery, and finally, separating some- 
what from the blood-vessels, reach the 
intestine in very numerous branches, 
to be distributed in its coats. Passing 

first between the longitudinal and circular layer of the muscular coat, they here 
form a close gangliated plexus throughout the whole extent of the intestine (fig. 127, w, 
as exhibited under a low power ; also fig. 128). This, which is known as the plexus 

H 2 
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of Auerbach, or the plexus myentericus, and which is principally composed of non- 
medullated fibres, gives oflF fine branches to the muscular substance, these first 
forming a smaller plexus amongst the muscular fibres. Other larger branches pass 
between the circular bundles of fibres to reach the submucous layer, where they form 
a second gangliated plexus {plexua of Meissner, fig. 129), the threads of which are 
much finer than those of the intermuscular plexus. 

The cords of these plexuses contain two kinds of nerve-fibres, both non- 
medullated. Those of the one kind pass through the ganglionic enlargements, 
giving off collateral fibres which ramify around the nerve-cells : they probably 
take origin in the prevertebral or other more central ganglia. Those of the other 
kind are finer and more numerous ; they are processes of the cells of the ganglionic 
enlargements and are probably partly passing to their distribution in the muscular 
layers or in the mucous membrane respectively ; partly serving to connect 
neighbouring ganglia with one another. 

From Meissner's plexus nerve-fibres pass to be distributed to the muscular layer 
of the mucous membrane, breaking up into fine fibrils, which take the direction of 
the fibre-cells of this layer, whilst other fine fibrils form ramifications in the proper 
tissue of the mucous coat and villi (fig. 130), and, according to some authors, send 
branches into the epithelium penetrating between the columnar cells. Upon these 
ramifications in the mucous membrane and villi, and also upon the ramifications 
which are distributed to the muscular layers, small cells are found which are thought 
to be of nervous nature. Similar cell-like enlargements occur on the terminal 
plexuses within the salivary glands and pancreas (Drasch, Cajal). According to 
Berkeley the nerves end both between the muscular fibres and within the villi by 
small pear-shaped or globular dilatations. 

BFXOIAIi GHARAGTZRB AND BlBIiATIONB OF THX BXVBRAIi PARTS OF THIS 

BMAIiIi INTSBTIKX. 

Duodenum. — This is the shortest and widest pait of the small intestine. In 
length it measures about 10 to 12 inches (250 to 300 mm.), and in diameter from 
one-and-a-half to two inches (35 to 50 mm.). In its course it describes a single large 
curve, which, when the stomach is empty, forms an almost complete ring, its termina- 
tion in the jejunum being only a little to the left of its commencement (Braune). 
Distension of the stomach, and the consequent movement of the pylorus towards the 
right side, makes the curve of the duodenum U-shaped rather than annular. The 
curve of the duodenum lies in a coronal plane, except at its two extremities which 
are directed forwards. The concavity embraces the head of the pancreas. 

It has no mesentery, and is covered only partially by peritoneum. Its muscular 
coat is comparatively thick, and its submucous layer towards the pylorus is the seat 
of the glands of Brunner, already described. The common bile duct and the 
pancreatic duct open into this part of the intestinal canal. 

The duodenum may be divided, for the purpose of anatomical description, into 
four parts. 

The first oi- snperior portion is the most variable part, as its length and direction 
depend upon the position of the pylorus. When the stomach is empty it is fully 
two inches long, and extends from the pylorus to the right in contact with the 
quadrate lobe of the liver, and then backwards beneath the neck of the gall-bladder, 
where it bends sharply downwards to join the second part. If the stomach be fully 
distended, the commencement of the first part of the duodenum is moved towai'ds 
the right side, while its termination remains stationary, so that its direction is then 
almost directly backwards, while its length is diminished to an inch, or even less. 
Its anterior surface is covered entirely by peritoneum, but its posterior aspect only 
in the neighbourhood of the pylorus. 
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Above and in front of it are the liver and gall-bladder. Its close relation to the 
latter is indicated by the fact that it is often stained by the exudation of bile a few 
hours after death. Behind it are the portal vein, the gastro-duodenal artery, and 
the common bile-duct. The neck of the pancreas lies behind and to its inner side. 

The second or descending portion is about three inches long. It commences 
just below the neck of the gall-bladder, opposite tht right side of the first lumbar 
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Fig. 131. — View ov the livkr, duudinum, pancreas, spleen, kc. The okbatbr part or the 

8TOMA0H HAS BEEN REMOVED, EXPOSING ITS POSTERIOR RELATIONS. (Testut.) 

A, inferior sarface of liver ; B, right kidney ; C, G\ right and left siipmrenal capBuleR ; D, left 
kidney ; E, pancreas ; F, upper part of stomach ; G, spleen ; H, duodenum with a, &, c, d, its four 
portions ; I, jejunum ; K, duodeno- jejunal junction ; 1, lower end of cesophagus ; 2, pyloric orifice ; 
3, coeliac axis ; 4, coronary artery ; 5, hepatic artery ; 6, lobus Spigelii of liver ; 7, 7\ splenic vessels ; 
8. left gastro- epiploic artery ; 9, right gastro-epiploic artery ; 10, superior mesenteric vessels ; 11, portal 
vein ; 12, hepatic duct ; 13, cystic duct ; 14, gall bladder ; 15, left crus of diaphragm ; 16, aorta ; 17» 
inferior vena cava ; 18, inferior mesenteric vessels ; 19, 19', sx)ermatic vessels. 

vertebra, and passes down to the level of the body of the third or fourth lumbar 
vertebra, where it turns sharply inwards to join the third part. Its anterior surface 
usually gives attachment to the transverse meso-colon, and is entirely covered by 
peritoneum, with the exception of the small interval between the two layers of the 
meso-colon. This small uncovered area is sometimes considerably increased, owing 
to the transverse colon being here destitute of a meso-colon, and separated from the 
duodenum by areolar tissue only. Above the transverse colon the anterior surface is 
in contact with the liver. The posterior surface has no peritoneal covering, but is 
connected by areolar tissue to the right kidney and its vessels and the inferior vena 
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cava. There are considerable variations in the relations of the second part of the 
duodenum to the right kidney. According to Cunningham, they are probably 
due rather to variations in the position of the kidney than of the duodenum. 
As a rule, the duodenum comes in contact with the kidney a little above 
its hilum, and reaches down to about the level of its lower end. To the 
left is the head of the pancreas (see fig. 131), which adapts itself to the shape of 
the intestine on that side, and, according to Yerson, some of the longitudinal fibres 
of the gut are intercalated amongst the contiguous lobes of the gland. The common 
bile-duct descends behind the left border of this part of the duodenum, and the 
pancreatic duct accompanies it for a short distance. On opening into this part of 
the duodenum, the valvute conniventes appear numerously, and a downwardly 
projecting papillary eminence of the mucous membrane is found immediately below 
one of these, about four inches from the pylorus, on the inner and back part of the 
intestine, at the apex of which is seen the common orifice of the biliary and 
pancreatic ducts. 

The third or transverse portion of the duodenum is between two and three 
inches long. Beginning on the right of the third or fourth lumbar vertebra, it 
crosses over to the left side, with a slight upward incUnation, and ends to the 
left of the aorta by curving upwards to join the ascending or terminal part 
of the duodenum. Its anterior surface is covered by peritoneum at its conmience- 
ment, but near the median plane it becomes separated from the anterior layer of 
the mesentery by the superior mesenteric vessels which groove its anterior sur&ce. 
Behind, it lies against the inferior vena cava and the aorta. On the right side its 
posterior surface is uncovered by peritoneum, but towards the left the posterior layer 
of the mesentery is prolonged upwards behind it for a variable distance. Above it 
is the head of the pancreas. 

The fourth or aacending portion (Treves) is about two inches long. It passes 
upwards on the left side of the aorta as high as the upper border of the second 
lumbar vertebra, where it turns abruptly forwards to join the jejunum, forming the 
dtwdenO'jefunal flexure. It is covered in front and on the left side by the peritoneum, 
which often forms on its left side one or two peritoneal pouches called the duodeno- 
jejunal fossaB, and it lies inunediately behind the transverse meso-colon, which 
separates it from the stomach. It rests on the left psoas muscle, the inner edge of 
the left kidney is sometimes slightly overlapped by it, and near its upper end the 
left renal vein passes behind it. 

The upper end of this part of the duodenum is maintained in position by a 
strong fibrous band descending from the left crus of the diaphragm, and the tissue 
around the coeliac axis. This band, which is better marked in the foetus and young 
child than in the adult, contains plain muscular fibres, and is called the musmltis 
suspensorius duode^iu In subjects in which the intestines are large and dilated 
the curve of the duodenum may descend to the level of the iliac crest, but, owing 
to the support given by the band alluded to, its terminal extremity maintains a 
nearly uniform position. 

As a rule, the second, third and fourth parts of the duodenum together form a 
U-shaped bend, with the concavity looking upwards, but occasionally the third part 
passes across the front of the vertebral column, with a considerable degree of 
obliquity, giving rise to the V-shaped type of duodenal curve. In these cases the 
distinction between the third and fourth parts is not well marked. 

Jejnnnm and nenm. — The jejunum, originally so called from its having 
been supposed to be empty after death, follows the duodenum, and includes the 
upper two-fifths of the remainder of the small intestine, while the succeeding three- 
fifths constitute the ileum, so named from its numerous coils and convolutions. 
Both the jejunum and the ileum are attached to the posterior abdominal wall by an 
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exlengire fold of peritoneum termed Ihe mesentery. This mesentery, although 
greatly frilled out in front to correspond in length with the jejunum and ileum 
to which it gives support, is attached posteriorly by a comparatively short border 
(about six inches), which extends from the left side of the second lumbar vertebra 
obliquely across the third part of the duodenum, aorta, inferior vena cava, and right 
psoas muscle to the right iliac fossa, where it ends. The length of the mesentery, 
measured from the parietal attachment to the intestine, varies, being longer about 
the middle than at either end of the bowel. The average length, according to 
Treves, may be taken as eight to nine inches. Lockwood found that up to the age 
of forty years it rarely exceeded eight inches, but after this period of life longer 
mesenteries occurred with greater frequency. Between the two layers of the 
peritoneum forming the mesentery are placed, besides some fat, numerous branches 
of the superior mesenteric artery and vein, together with nerves, lacteal vessels, and 
lymphatic glands. The convolutions of the jejunum and ileum occupy parts of the 
middle and lower zones of the abdomen, and a variable number of loops lie in the 
pelvis. The jejunum lies above and to the left of the ileum, but the coOs are so 
irregular that the- position of any individual loop affords but little clue to the part 
of the intestine to which it belongs. The terminal portion of the ileum is more 
fixed in position than the other parts of the jejuno-ileum. It generally passes 
outwards and upwards from the cavity of the true pelvis across the right psoas 
muscle to join the large intestine, being united to the psoas by the lower part of 
the mesentery, which here is usually very short. 

The character of the intestine gradually changes from its upper to its lower end, 
so that portions of the jejunum and ileum, remote from each other, present certain 
well-marked differences of structure. Thus, the ileum is narrower ; its coats are 
thinner and paler ; the valvulae conniventes are small, and gradually disappear towards 
its lower end ; the villi are shorter ; and the groups of Peyer's glands are larger and 
more numerous. The diameter of the jejunum is about one inch and a half, that of 
the ileum about one inch and a quarter. A given length of the jejunum weighs 
more than the same of the ileum. 

Meckel's diverticuliim. — In about one in fifty subjects a pouch or diverticulum 
is given off from the main tube of the ileum. Its average position above the ileo- 
colic opening is about 48 inches, but it has been found to vary from 11 to 120 
inches. It usually comes off from the ileum on the side opposite to the attachment 
of the mesentery. As a rule, it is from two to three inches in length, and about the 
same calibre as the bowel from which it arises. The origin of this diverticulum is 
probably connected with the persistence of a part of the vitelline duct of early foetal 
life. It is not to be confounded with hernial protrusions of the mucous membrane, 
which may occur at any point. 

Variations with a^e and sex. — Treves found the average length of the smaU intestine 
in the new-bom child to be 9 feet 5 inches, and he estimates that it grows about 2 feet during 
the first month of extra-uterine life and a similar amount in the second month, but after this 
period its rate of growth is very variable. Treves gives the average length of the small 
intestine in the adult female as 10 inches longer than that of the male ; but Rolssen, from 
measurements on German subjects, found it about 2 feet longer in the male. 



THE IiARQE IITFESTINE. 

The large intestine extends from the termination of the ileum to the anus. 
It is divided into the aexum (with the vermiform appe)idtjr), the colon and the 
rectum; and the colon is again subdivided, according to its direction, into four 
parts, called the ascending^ transverse^ and descending colony and the sigmoid colon 
or flexure. 
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The length of the large intefitine is nsuallj about 5 or 6 feet ; being about one- 
fifth of the whole length of the intestinal canal. Its diameter, which for the most 
part greatly exceeds that of the small intestine, varies at different points and under 
different conditions, from 2^ inches to less than an inch. It diminishes gradually 




Kig. 132.— Diagram showing the positiow op the thoracic and abdominal organs. 
(Rauber after Laschka.) 

1, Lower border of the right long ; 2, the same of the left lung ; S, liver, right lobe ; 4, liver, left 
lobe ; 5, suspensory ligament of the liver ; 6, fundus of gall-bladder ; 7, cardia of stomach ; 8, fundus 
of stomach ; 9, lower border of stomach ; 10, position of pylorus ; 11, caecum ; 12, vermiform appendix ; 
13, ascending colon ; 14, right flexure of colon ; 15, transverse colon ; 16, position of left flexure of 
colon ; 17, descending colon ; 18, portion of sigmoid colon, concealed by 19, convolutions of the small 
intestine ; 20, termination of ileum, ascending from left to right ; 21, bladder, distended, partly 
covered by peritoneum ; 22, the part of the bladder which is not covered by peritoneum. 

from its commencement at the caecum to its termination at the anus, excepting that 
there is a well-marked dilatation of the rectum just above its lower end. 
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111 outward form, the greater part of the large intestiDe differs remarkably from 
the small intestine ; for, instead of constituting an even cylindrical tube, its surface 
is thrown into numerous sacculi, marked off from each other by intervening constric- 




Fig. 138. — Trahsyirsb oolok, empty and contraotkd. (Drawn by G. C. R, Harbinson.) 
a, inferior longitudinal band ; 6, one of the njccalefl ; r, appendices cpiploicre. 

tions, and arranged in three longitudinal rows which are separated by three strong 
flat bands of longitudinal muscular fibres (fig. 133). It can also be distinguished 
by its appendices epiploicas (see below), which are not found in connection with the 
small intestine. 



BTRUOTURB OF THE LABaX INTKBTINX. 

The large intestine has four coats, like those of the stomach and small intestine, 
namely, the serous, muscular, submucous, and mucous. 



Pig. 184.— OUTLIHE 8HTCH OF A SECTION OF THE 

AijCERDiHO COLON (Allen Thomson). | 

s, seroas covering; 8\ s', reflection of this at the 
attached border forming a ishort wide mesocolon between 
the folds of which the blood-vessels are seen passing to 
the colon ; a, one of the appendices epiploic® hanging 
from the inner border ; / vi, indicates at the free border 
one of the three bands formed by the thickening of the 
longitudinal muscular coat ; the dotted line continued 
from the margins of these bands represents the remainder 
of the longitudinal muscular coat, and the thick Hue 
within it, marked e m, represents the circular muscular 
layer ; m, the mucous membrane at the flattened part ; 
r, the crescentic bands or indentations which divide the 
sacculi. 



The seroiui coat is for the most part 
similar to that of the small intestine, except 
that, along the colon and upper part of the 
rectum, it is prolonged into numerous bttle 

projections, which enclose a certain amount of fat, and are termed appendices 
epiploiccR, 
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The muscular doat, like that of the other parts of the infcefitinal canal, consists 
of external longitndinal and internal circalar fibres. 

The longitudinal fibres, although found in a certain amount all round the intes- 
tine, are, in the ccecum and colon, more thickly collected into three remarkable flat 
longitndinal bands (fig. 134, lm\ fig. 133, a). These bands, sometimes called the 
ligaments of the colon, are about 12 mm. wide, and 1 mm. thick ; thej commence 
upon the caecum, at the attachment of the vermiform appendix, and may be traced 
along the whole length of the colon as far as the commencement of the rectum, 
where they form the two bundles which pass down, one on its anterior and the 
other on its posterior surface. One of these bands, the posterior, is placed 
along the attached border of the intestine ; another runs along its anterior 
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Fig. 136.— Sectioh of the mucous him- 

BRANR OP THE COLON, MAH. (Bohm 

and V. Davidoff.) ^p 
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gland. 
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border, and, in the transverse 
colon, corresponds with the 
attachment of the great omen- 
tum ; whilst the third band {inner 
or inferior) is found on the inner 
border of the ascending and 
descending colon, and on the 
under border of the transverse 
colon. It is near the course 
of this third band that the 
appendices epiploicae are most of 
them attached (fig. 134, a). 
Measured from end to end, these 
three bands are shorter than the 
intervening parts of the tube ; 
and the latter are thus thrown 
into the sacculi already men- 
tioned : accordingly, when the 
bands are removed by dissection, 
the sacculi are entirely eflFaced, 
and the colon, elongating con- 
siderably, assumes the cylindrical 
form. The transverse constric- 
tions seen on the exterior of the 
intestine, between the sacculi, 

appear on the inside as sharp ridges separating the cells, and ai*e composed of all 

the coats. In the vermiform appendix the longitudinal muscular fibres are disposed 

in a uniform layer. 

The circular muscular fibres form only a thin layer over the general surface of 

the caecum and colon, but are accumulated in large numbers between the sacculi. 

In the rectum, especially towards its lower part, the circular fibres form a very thick 

and powerful muscular layer. 

The snbmncons or areolar coat resembles in all respects that of the small 

intestine. 

The mncoiui membrane differs from that of the small intestine in being smooth 

and destitute of villi. Viewed with a lens, its surface is seen to be marked all over 

by the orifices of numerous tubular glands {crypts of LieherkUhn) (fig. 135), resembling 

those of the small intestine, but longer and more numerous, and further distinguished 
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from tbem by the large number of mucui^cells which they contain. Indeed in 
8ome animals all the cells of these glands may be found to be filled with mucus 





Pig. 136.— Glahds of the labok irtsstihb. Maqrifikd (from Heidenhain and Kloie). 
a, of the rabbit ; by of the dog. c, transTerse section of a gland of the dog. 
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Fig. 187. — Skotiom TBROuaH a solitart gland of thb labqb intbstinb of man. 
(Bohm and v. Davidoff.) 

(fig. 136, a) ; in others every alternate cell presents this character (fig. 136, b, c% the 
cells between being of the ordinary columnar kind. If the glands are stimulated 
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to active secretiuu the mneas is discharged and all the cells assuinc the appearance 
of ordinary columnar epithelium-cells (Klose). 

Scattered over the whole large intestine lymphoid nodules are found, similar to 
the solitary glands of the small intestine. They are most numerous in the csecam 
and its vermiform appendix ; being placed closely all over the latter. 

The epithelium which covers the general surface of the mucous membrane is of 

Fig 138. — Blood-vkssbls of large intkstinb as sken ih ter- 
TicAL SBOTioN (Kolliker). 

a, artery passing up from submucosa ; c, rein arising from 
capillary plexus, 6, which surrounds the mouths of the glandj. 

the columnar kind, and in every respect similar to 
that of the small intestine. As in the stomach the 
mucous membrane consists of areolar connective 
tissue with a certain amount of retiform tissue, and is 
bounded next the submucous coat by a layer of plain 
muscular fibres {muscularis mu^osce)^ which sends 
prolongations up between the glands to be attached 
to the basement membrane near the surface, in the 
same way as in the villi of the small intestine. 

Vessels and Nerves. — In the large intestine 
an arrangement of capillary plexuses and venous 
radicles obtains, similar to that which has been 
described in the stomach (fig. 138). The arrange- 
ment of the lymphatics is also nearly the same. 

Nervous plexuses similar to those of the small intestine are also found in the 
muscular and submucous coats of the large intestine. 




BPSOIAIi OHARACTSRS AND RXIiATIONB OF THS DIFFJBIUDNT PARTS 
OF THX liABQIB INTBBTINB. 

The C^cum.— The miestinum ca^cttmy or caput ccecum colt, is that part of the large 
intestine which is situated below the entrance of the ileum (fig. 132, 11). Its 
length is about 2^ inches, and its breadth about three inches ; it is the widest part 
of the large intestine. 

The csBCum is situated in the right iliac fossa, in front of the ilio.psoas muscle 
and immediately behind the anterior wall of the abdomen above the outer half 
of Poupart*s ligament. It is covered by the peritoneum in front, below and at 
the sides ; behind, the peritoneum is usually reflected from the bowel on to the 
iliac fascia at the level of the ileo-colic opening, or even still higher up, so that 
the posterior surface is entirely invested. In about 5 p.c, however, the reflection 
occurs at a lower level, in which cases the upper part of the posterior surface 
is uncovered and connected with the iliac fascia by areolar tissue. There is no 
meso-csBCum. 

In the foetus the caecum is conical in form, and its apex gives attachment to a 
slender process called the vermiform appendix. The three longitudinal bands of the 
large intestine are united at the root of the appendix, but on the caecum they diverge, 
one passing up the anterior surface, another on the inner side, and a third on the 
postero-extenial aspect. This, the infantile type of caecum, may persist in the adult, 
Treves found it in two out of one hundred adult subjects. In the great majority of 
cases, however, the walls of the caecum begin, even before birth, to grow at unequal 
rates. The anterior and right walls grow more rapidly than the posterior and left 
ones, so that the attachment of the vermiform appendix is no longer situated at the 
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lower end, but is found on the inner and posterior aspect of the cacum. The three 
bands, however, are still found to unite at the root of the appendix. The free, 
rounded and usually blunt lower end of the caecum thus comes to be formed by the 
expanded saccule situated between the anterior and postero- external bands. In the 
third month of foetal life the caecum is situated near the median plane jast below the 
liver, and in the process of development it normally passes downwards and to the 
right, in Iront of the second part of the duodenum and the kidney towards the right 
iliac fossa. In the 6th month it lies opposite the lower end of the kidney, and at birth 
it has usually attained its adult position. This process of descent of the ctccum is 
liable to be arrested in any part of its course. On the other hand the caecum is 
sometimes unusually long and movable, and its free extremity may project down into 
the true pelvis or even pass across the median plane to the left side. It has been 



Fig. 189. — Antkro-external 

WALL OF OiBCUM AND 
COMMKNCBXENT OF AS- 
CENDING COLON KBXOVBD 
TO SHOW ILEO-OOLIC ORI- 
FICE, &c. Prom a speci- 
men HARDENED IN SITU. 
(Drawn by Q. C. R 
Harbinson.) 

a, lower end of ileum ; 
6, its mesentery ; e, c, csecum ; 
c/, oriOce of vermiform appen- 
dix ; c, ileo-colic orifice ; /, 
upper or ileo-colic segment of 
its valye ; g, lower or ileo- 
csecal segment ; A, ascending 
colon. 

found rotated on its 
long axis so that the 
ileum, after passing be- 
hind the caecum, opened 
on its right side. 

Coming off from the 
inner and back part of 
the caecum, a little below 
the ileo-colic opening is 
a narrow, round, and 
tapering portion of the 
intestine, named the 
appendix c(Bct\ or vermi- 
form appendix. The width of this process is usually about 6 mm., and its 
average length 92 mm. (Berry), but it varies considerably ; thus. Berry found 
it, in two out of 100 cases, only 31 mm. in length, and Ransshoff has recorded 
one 230 mm. long. It varies considerably in its position, but will generally be 
found passing from behind the caecum either upwaixls and to the left behind 
the ileum and mesentery in the direction of the spleen (Treves), or downwards 
and to the left so as to lie on the brim of the pelvis or even project into that 
cavity. Sometimes it is situat-ed entirely behind the caecum, and in this posi- 
tion may be quite free or firmly bound down to the peritoneum. It has a 
peritoneal fold, the meso-appendix, containing its vessels and nerves and attached 
to above half the length of the appendix, the distal portion being generally 
quite free and entirely surrounded by peritoneum. The vermiform appendix is 
usually hollow as far as its extremity ; and its cavity communicates with that of 
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the caecum by a small orifice^ sometimes guarded by a valvular fold of mucous 
membrane. 

According to the results of Ribbert's observations the cavity of the vermiform 
appendix exhibits a distinct tendency to undergo obliteration. Thus out of 400 
cases examined by him 99 or nearly 25 p.c. had the lumen of the process more or 
less obliterated. In 50 p.c. of the obliterated cases its distal fourth only, and in 
3.5 p.c. the whole process was closed, while the remainder showed intermediate 
stages. This tendency to obliteration increased with age. LaflTorgue did not find 
such a large proportion of cases showing this tendency, thus out of 200 cases only 
7 p.c. belonged to this category. In 3 p.c. the obliteration was total, in 8 p.c. it 
was closed for a distance of 1 cm. and in I p.c. from 2 to 3 cm. 

Ribbert has also investigated the length of the appendix at different periods of 
life. At birth its average length is 84*4 mm., by the 10th year it has increased to 
90 mm., during the next 10 yeai-s it grows slowly, being at the 2ith year 97.5 mm. 
long. After this period it gradually diminishes in length, thus from 20 to 30 to 



Fig. 140.— Sbotion through the lower skd 

OF THE ILEUM, THE ILEO-COLIO TALYE, THE 
CJEGVU, AKD A8CENDI50 COLON, TO SHOW 
THE RELATION OF THE TERMINATION OP 
THE ILEUM TO THE CltCUM. ThE ANTERO- 
EXTERNAL WALL OF CAOUM REMOVED IN 
FIQ. 139 IS REPRESENTED AS IN SITU. (J. S.) 

ttf untero-eztemal waU of cscum ; 6, caWty 
of ileam ; c, lower or ilco-cecal segment of 
ileo-colic valve ; d, upper or ileo-colic segment ; 
e, frspnura on right side of ileo-colic opening ; 
/, ascending colon ; g, yermiform appendix with 
its mesentery ; h, h, h, peritoneum. 

95 mm. ; from 30 to 40, 87*5 mm. ; 
from 40 to 60, 85 mm. ; and the 
average in subjects over 60 is 82'5 mm. 
Ribbert found considerable individual 
variations ; in one middle-aged male it 
was 210 mm., and in a child 5 years 
old 120 mm. He estimates the length 
of the appendix as compared with the 
whole of the large intestine as 1 to 10 
in the new-bom, and 1 to 20 in the adult. 

So far as is known, this appendix is peculiar to man and certain of the higher apes, and to 
the wombat ; but in some animals, as in the rabbit and hare, the distal part of the caecum, 
being diminished in diameter and thickly studded with lymphoid follicles, may represent a 
condition of the appendix. 

Zleo-colic or ileo-ciecal orifice and valve. The lower end of the ileum passes 
upwards and to the right, being at first internal to and then behind the csecum, and 
terminates by opening into the posterior part of the large intestine at the junction 
of the caecum and ascending colon (see figs. 139 and 140). 

The orifice is generally situated opposite a point on the anterior abdominal wall 
from 1 to 2 inches internal to and a little above the anterior superior iliac space. When 
the colon is opened it appears as a transverse or slightly oblique slit about half an 
inch in length. This opening is guarded by a valve composed of two segments or 
folds which project into the large intestine. This is the ileo-colic or ileo-ccecal valve : 
it is also called the valve of Bauhin and the valve of Tulpius, although Fallopius 
had described it before either of those anatomists. The upper of the two segments 




THE LARGE INTESTINE. Ill 

(see fig. 140) is horizontal, and the lower and larger obliqne. At each end of the 
aperture these folds coalesce, and are then prolonged as a single ridge on each side 
for some distance roand the cavity of the intestine, forming the frmui or reiifuicula 
of the valve. The opposed surfaces of the valvular folds which look towards the 
ileum, and are continaons with its mucoos borface, are covered like it with villi ; 
while their other surfaces, turned towards the large intestine, are smooth and 
destitute of villi. In the 5th month of foetal life both surfaces of the ileo-colic valve 
possess villi, but by the 9th month the villi on the colic aspect of the valve are 
represented by only a few stunted processes (Langer). 

Each s^ment of the valve consists of two layers of mucous membrane, continuous 
with each other along the free margin, and including between them, besides the sub- 
mucous areolar tissue, a number of muscular fibres, continued from the circular 
fibres of the ileum and of the large intestine. The longitudinal muscular fibres and 
the peritoneal coat take no part in the formation of the valve, but are stretched 
across it uninterruptedly from one intestine to the other ; if these be removed and 
gentle traction be made upon the ileum the valve will gradually become less pro- 
minent, and may ultimately disappear by being unfolded and drawn out of the colon. 
The function of the ileo-colic valve is to prevent the intestinal contents passing from 
the large into the small intestine. Its valvular action is independent of muscular 
contraction as air or fluid forced into the large intestine in the cadaver does not 
generally find its way into the ileum. It is probable that the distension of the 
csBcum presses the walls of the ileum against one another much in the same way as 
the urine is prevented from passing from the bladder into the ureters. 

Bebiene {Lyon Medical^ Nov., 1885) made a series of experiments to determine the 
competency of this valye by injecting, per rectum, air or water with the intestines in iitUy 
and he found that it permitted these to pass from the large to the small intestine in the 
proportion of about 2 out of 3. When competent, however, it resisted the pressure of a 
column of water from 3 to 4 metres in height, the large intestine finally rupturing without 
a drop of fluid having passed through the ileo-colic orifice. He considered that in the oases of 
incompetency the cecal segment of the valve was shorter than the colic, while in the others 
it was as long or longer. 

Birmingham has recorded a case of absence of the ileo-colic valve, and Struthers has 
described several specimens in which the valve was imperfectly developed. 

Various peritoneal folds and fosses occur in the region of the csecum, vermiform 
appendix, end of ileum and commencement of ascending colon, but anatomists are 
by no means agreed as to their frequency or nomenclature. The following state- 
ment is based mainly upon the observations of Lockwood and Rolleston. 

Ileo-colic foasa, situated in the angle between the ileum and the commencement of 
the ascending colon and bounded in front by the ileo-colic fold (superior ileo-ccecal 
fold of Treves). 

neO'CCRcal /o««a, behind the junction of the ileum and the caecum. It may 
extend upwards behind the ascending colon nearly as high as the right kidney and 
duodenum. The mouth of this fossa is below, and is bounded in front by the ileo- 
csscal fold (bloodless fold of Treves). 

Suh-cctcal fossa^ placed directly behind the caecum. Its fundus may pass 
upwards behind the ascending colon. It is less frequently met with than the other 



The vermiform appendix may be concealed within one of these pouches and 
firmly attached to its walls, constituting what is termed hernia of the appendix. It 
is very probable that the cases described as examples of absence of the appendix were 
of this nature with the mouth of the fossa closed. 

Colon. — The ascending colon is continuous with the caecum at the level of 
the ileo-colic opening. It passes upwards through the right lumbar into the hypo- 
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choadriac region until it comes in contact with the inferior surface of the right 
lobe of the liver external to the gall-bladder. Here it bends forwards and to the 
left aa the hepatic flexure. The ascending colon is smaller than the caecum, but 
larger than the transverse colon. It is overlaid in front by some convolutions of 
the ileum, and is bound down firmly by the peritoneum which passes over its anterior 








Fig. 141. — Transverse section THRouaH the abdomen or a vonva 3^ inches lonq. 
D.O., descending colon ; P, peritoneum ; K, left kidney ; Y, body of vertebra. 
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Fig. 142. — Transverse section thhouoh abdomen of a nine months fcetus. (J. S.) 

D.C., descending colon ; Ps, psoas muscle ; Q.L., qnadratus lumboram ; E.S., erector spinae ; 
L.V., lumbar vertebra. 

surface and its sides^ and generally leaves an interval in which its posterior surface 
is connected by areolar tissue with the fascia coveriug the qnadratus lumborum 
muscle, and with the front of the right kidney. In some cases, however, the peri- 
toneum passes nearly round it and thus forms a distinct though very short meso- 
colon. 

The transverse colon extends from the hepatic flexure in the right hypochon- 

Fig, 143. — Transverse section 
throuqh the abdomen or a 

MALE adult. (J. S.) 

References as in Fig. 142. 

drium to the splenic flexure in 
the left hypochondrium ; be- 
tween these two points it 
forms a loop usually directed 
downwards and forwards. As 
the transverse colon is con- 
siderably longer than the 
transverse diameter of the 
abdomen, and possesses a long 
meso-colon, its position is 
liable to considerable varia- 
tions. It generally crosses the abdomen above the level of the umbilicus, but may 
reach considerably lower. 

Above, the transverse colon is in contact with the under surface of the liver, the 
gall-bladder, the great curvature of the stomach and the lower end of the spleen. It 
is covered in front by the great omentum. On the right side it crosses in front of 
the second part of the duodenum to which it may be united by areolar tissue or 
attached by a short peritoneal fold. In the rest of ifs course it has behind it some 




THB LARGG INTESTINK. 118 

of the oonvolotions of the jejonnm and ileam to the left of the second part of the 
daodennm. The ti?o layers of the transverse meso-colon ore attached to its upper 
border, and aftT mresting the colon thej become continuous with the great 
omentum. Thii part of the transverse meso-colon which is often found in front of 
the duodenum is formed entirely by the great sac, while that to the lefc of the 
doodenum is derived from both great and small sacs. 

The descending colon is continuous with the left extremity of the tnins verse 
colon by a sudden bend named the splsnk flexure^ which is higher up and farther 
back in the left hypochondrium than the liepatic flexure in the right hypochondvium. 
At this bending there is found a fold of peritoneum, the costo-colic or phreno-colic 
ligament, which stretches with a lunated free border to the colon from the diaphragm 
opposite the tenth or eleventh rib. As was pointed out by Haller, it supports the 
spleen although unconnected with that organ, and may be termed " sustentaculum 
lienis." From the splenic flexure the colon descends in contact with the outer 
border of the left kidney. At the lower end of the kidney it usually turns inwards 
a little and then descends near the outer border ''f the psoas muscle to the iliac fossa 
where it joins the sigmoid colon. In a young foetus (see fig. 141) the descending 
colon has a relatively long meso-colon which is attached to the abdominal wall 
internal to the kidney, and passes outwards in front of that organ to join the colon. 
This meso-colon is obliterated before birth (see fig. 142), probably by a blending of 
its posterior layer with the peritoneum in front of the kidney. After foetal life the 
descending colon is generally covered by peritoneum on its anterior and outer sur- 
faces, the posterior and inner surfaces being uncovered. 

Occasionally, especially when the colon is empty, the peritoneum lies behind the 
outer part of the posterior surface (see fig. 143), but the existence of a distinct 
descending meso-colon is rare. 

The sigmoid colon may be defined as that part of the colon which is attached 
to the left iliac fossa from the iliac crest to the brim of the true pelvis. In front of 
the crest of the ilium it is continuous with the descending colon ; Irom this point it 
usually passes downwards, forwards, ard somewhat inwards for two or three inchep, 
approaching the anterior abdominal wall internal to the anterior superior iliac spine. 
This part generally lies in close relation with the fascia in front of the iliacus and is 
covered by peritoneum on its anterior and lateral aspects only. The rest of the 
sigmoid colon is generally very movable, being provided with a long meso-colon 
which is attached transversely in front of the psoas, and becomes continuons 
internally near the bifurcation of the common iliac artery with the meso-rectum. 
This portion may be termed the sigmoid loop or the sigmoid flexure proper. It is 
very variable in its length and position, and frequently forms w^ith the first part of 
the rectum an omega loop (Treves). In many cases it forms a loop hanging down 
into the true pelvis ; if the bladder or rectum is distended it is pushed out of the pelvis 
and may curve upwards as high as the umbilicus, and even in rare cas?es touch the 
liver (Treves). Occasionally this loop lies in the iliac fossa in front, and to the outer 
side of the first part of the sigmoid colon. When its meso-colon is short it simply 
passes downwards and inwards across the iliac fossa, usually entirely covered in front 
by the convolutions of the small intestine. The average length of its meso-colon is 
about 3 inches. On turning upwards the sigmoid loop and its meso-colon the 
mouth of a peritoneal pouch is sometimes seen, which is called the inipr'Sigmoid 
fossa. It is somewhat funnel-shaped and extends upwards a variable distance in the 
direction of the ureter. 

The Rectum. — The lowest part of the large intestine {intestinum rectum) extends 
from the sigmoid loop of the colon to the anal canal. It is situated entirely 
within the tnie pelvis to the posterior wall of which it is attached. It is continuous 
at the pelvic brim near the left sacro-iliac articulation with the sigmoid flexure, and 
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Fig. 144. — MiDiAN SBCTioN or thb pklvis ahd its viscera in an adult malb. (J. S.) {. 

The bladder contained about 3 oz. of urine and there were 8ome faeces in the lower part of the 
rectum. 5th LlY., body of 5th lumbar vertebra; S, on body of 2nd sacral vertebra; P.S., pubic 
symphysis ; R.R., rectum ; P.R., plica dextra recti; A.G., anal canal with its longitudinal folds of 
mucous membrane — the columns of Morgagni. The tissues between the anal canal and the coccyx 
constitute the ano-coccygeal body. LS., internal sphincter ; E.S., external sphincter ; LA., levator 
ani ; R.O., resto-coccygeus muscle ; BI., bladder ; P, P^ P^, prostate gland, P, its middle lobe, 
between P and P\ the common ejaculatory duct ; M., membranous part of urethra ; S., spongy part of 
urethra; O.C., corpus cavemosum ; G., glans penis; B., bulb of corpus spongiosum; B.O., bulbo- 
cavemosus muscle ; P., supni-pubic pad of fat ; F-, retro -pubic pad ; p, peritoneum. 



THE LARGE INTESTINE, 115 

passing downwards, backwards, and to the right, osnallj reaches the middle line 
opposite the third piece of the sacrum. This is generally called the first part of the 
rectam. At the third sacral vertebra it changes ite direction, and curving forwards 
and downwards as far as the lower end of the prostate gland forms the second part 
of the rectum which is continuous below with the anal canal. 

The first part of the rectum, about 5 or 4 inches long, is covered by peritoneum, 
and attached by a fold of this membrane called the meso-rectum to the front of the 
sacrum. Some convolutions of the small intestine, or a loop of the sigmoid colon, 
usually lie against its anterior aspect. In the male a distended bladder will push the 
intestines upwards and come in contact with it, while occasionally in the female the 
uterus touches it. On its left side are the ureter and the branches of the internal 
iliac artery. 

The second part of the rectum, 3 or 4 inches in length, is only partially covered 
by peritoneum. It has no meso-rectum, and its posterior surface is entirely uncovered 
by the peritoneum. At its commencement it is covered in front and at the sides, 
but the peritoneum gradually leaves the lateral surfaces, and is finally reflected from 
the anterior aspect on to the bladder about an inch above the prostate gland. In 
passing from the rectam to the bladder the peritoneum forms a cul-de-sac, the recto- 
vesical pouch, which is bounded above on each side by a lunated fold of the serous 
membrane of which the left is almost always the larger (posterior false ligaments of 
the bladder). Distension of the bladder and rectum tends to draw up the peritoneum 
and thus diminish the depth of the recto-vesicai pouch. The posterior wall of this 
part of the rectum lies from above downwards on the lower part of the sacrum, the 
coccyx and the ano-coccygeal body. The anterior wall, which is longer and more 
curved than the posterior, is in contact with the recto-vesical pouch of peritoneum, a 
triangular area at the base of the bladder with its lateral boundaries, the vasa 
deferentia and the vesicalse seminales, and the prostate gland. Opposite the prostate 
gland it tarns downwards and backwards to end in the anal canal, not unfrequently 
forming below the prostate a short blind recess (see fig. 144). In the female the 
second part of the rectum is in relation with the pouch of Doaglas and the posterior 
vaginal wall. Sometimes the sigmoid flexure is displaced towards the right iliac 
fossa, and the first part of the rectum descends in the pelvis in front of the right 
half of the sacrum. 

Variations ACCORBiNa to Age. — The rectum is straighter, more vertical, and 
relatively larger in the Infant than in the adult. 

Stmoture of the rectum. — The rectum diflFers in some respects from the rest 
of the large intestine in the arrangement of both its muscular and mucous coats. 

The miuoiilar coat is thick ; the external or longitudinal fibres are found 
all round the bowel, but are collected chiefly into two bundles, one on the anterior 
and the other on the posterior aspect. The longitudinal fibres being rather shorter 
than the other coats give rise to sacculations, which are chiefly situated at the sides 
of the rectum. The circular fibres are well developed and form thick bundles at the 
constrictions between the sacculations (Otis). A pair of small bands of plain 
muscular tissue, which arise from the Iront of the second and third coccygeal 
vertebnt* , and are also connected with the pelvic fascia, pass with a slight downward 
inclination to the posterior part of the anal canal (see fig. 144), and become inter- 
mingled with its longitudinal fibres. They are known as the recto-coccygeal muscles. 

The mucous membrane of the rectum is thicker, redder, and more vascular 
than that of the colon ; and it moves more freely upon the muscular coat. When 
the rectum is empty and contracted it exhibits numerous folds, most of which are 
obliterated by distension. Several transverse or oblique folds are, however, of a 
more permanent character, and have been designated " valves of the rectum " 
(Houston) or "plicae recti." One of these, usually the largest, is situated on 
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the right gide opposite the reflection of the peritoneum from the rectum to the 
bladder, and was named by Kohlransch the "plica transversalis recti." There 
are generally two other folds, both on the left side, one about an inch above, and the 
other about the same distance below, the fold on the right side. From the position 
and projection of these folds they may more or less impede the introduction of 
instruments. The dilatation of the rectum between the anal canal and the lowest 
of these folds is called the reciai ampulla, (For the appearance of these folds on 
rectal inspection with the body in the genu-pectoral position, see Otis, '*The 
Sacculi of the Rectum," Leipzig, 1887.) 

The anal canal and its mnsoles. — The terminal portion of the alimentary 
canal, which is surrounded by the sphincters of the anus, may be termed the anal 
canal. It is an antero-posterior slit in the pelvic floor ; its lateral walls being in 
opposition, it differs in this respect from thie lower part of the rectum, which when 
empty appears as a transverse slit (fig. 145). The anal canal is directed downwards 
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Fig. 145. — A TRANSVBRSB AND VKA.ELT 
VERTICAL 8ICTI0M OF ADULT JCALX 
PELVIS ; THE SKOTIOR PASSED FROM 
ABOVE DOWNWARDS AND SLIGHTLY 

BACKWARDS. Life size. (J. S.) 

B., cavity of bladder; V.D., vaa 
deferens; S.V., seminal vesicle; R, 
second paxt of rectum ; A.Q.^ anal canal ; 
L. A., levator ani ; I.S., internal sphincter 
of anus; B.S., external sphincter of 
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and backwards, and measures 
fiilly an inch in length when the 
rectum is empty, but is shorter 
when the rectum is distended. 
Its antero-posterior extent is 
from half to three-quarters of an 
inch (see fig. 1 44). It is bounded 
behind by the ano-coccygeal body, 
and at the sides by the fat of the 
iscliio-rectal fossae. Its anterior 
relations differ in the two sexes ; 
in the male the bulb of the 
corpus spongiosum lies a little 
in front of it, while in the 
female it is separated from the vulval opening, and the lower end of the vagina 
by the perineal body. 

In the skin around the anus and about a centimeter from its margin is a circular 
zone of large sweat glands which are known as the circumanal glands. At the anus 
the epidermis is continued for a short distance into the aperture, but becomes 
gradually thinner and finally is replaced by the columnar cells of the mucous 
membrane. The crypts of Lieberkuhn do not appear immediately; there is a 
narrow zone of mucous membrane destitute of glands. 

The mucous membrane of the anal canal is thrown into 4 or 5 longitudinal 
folds on each side which were named by Morgagni the columns of (he rectum. 
These folds contain longitudinal muscular fibres (apparently part of the muscu- 
laris mucosae) which terminate both superiorly and inferiorly in elastic tissue 
^Treitz). 

The muscles which close the anal canal are the internal and external sphincters 
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and the levatores ani. The external sphiucter and the levator ani will be found 
described in Vol. XL pt. 2. 

The internal sphincter is a pale muscle, composed of non-striped fibres, which 
surrounds the entire length of the anal canal. It is of nearly uniform thickness, 
about 4 mm., in its entire extent, and ends almost abruptly above, where it 
becomes continuous with the much thinner circular fibres of the rectum. 

VesseLi and Verves of the Rectnm and Anal Canal. — The arteries of the 
rectum spring from three sources, viz., the svperior hctmarrhoidal from the inferior 
mesenteric, the middle hcRmorrhoidalirom the internal iliac, and the inferior hcemor- 
rhoidal from the pudic artery. Of these the most important is the superior haemor- 
rhoidal. It is a single vessel which descends in the meso-rectum, and then divides 
into two branches which form loops, one on each side of the rectum, with the con- 
vexity of the loop directed downwards. From these loops several branches arise which 
pass downwards, pierce the muscular coat, and run in a longitudinal direction under 
the mucous membrane, and anastomose freely with one another. In the anal canal 
they lie in the longitudinal folds of the mucous membrane and reach as far as the 
verge of the anus. The arrangement of the veins is somewhat similar ; they com- 
mence in little dilatations at the lower end of the anus, ascend beneath the mucous 
membrane for about three inches, where they communicate with one another to form 
the hsBmorrhoidal plexus, and then pierce the muscular coat by 6 or 6 openings, 
and pass upwards to the superior haemorrhoidal vein, which forms the beginning of 
the inferior mesenteric trunk. According to Quenu, the haemorrhoidal plexus 
communicates freely with the tributaries of the inferior haemorrhoidal, but only 
slightly with those of the middle haemorrhoidal. 

The lymphatics enter some glands placed in the hollow of the sacrum (see 
Vol. II., Pt. 2, p. 551). 

The nerves are very numerous, and are derived from both the cerebro-spinal and 
the sympathetic systems. The former consist of branches derived from the sacral 
nerves, and the latter of offsets from the inferior mesenteric and hypogastric plexuses. 
Experiments upon animals have shown that the longitudinal muscular fibres of the 
rectum ai-e supplied with motor fibres from the anterior roots of ceitain of the sacral 
nerves (2nd and 3rd, and in part the 1st in the dog), which nerves also supply inhibitory 
fibres to the circular coat, whereas the fibres of the hypogastric plexus which supply 
the circular muscular tissue with motor fibres, are derived from white rami com- 
municantes of the anterior roots of artain of the lumbar nerves, which join the 
sympathetic chain and lose their medullary sheath before passing to their distribution 
in the muscular coat. Pilliet has noted the presence of Pacinian corpuscles upon 
some of the nerves distributed to the anal mucous membrane. 
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The liver is the largest glaud in the body, and by far the most bulky of 
the abdominal viscera. Its shape is liable to considerable variations, but is 
essentially that of a right-angled triangular prism^ with the right angles rounded 
off. If the upper part of the abdomen be supposed to be occupied by a cuboidal 
mass divided into two by a cut passing from its upper left edge to its lower right 
one, the position and shape of the liver will be represented by the upper and right 
half of this mass. The liver has five surfaces, viz., anterior, posterior, superior, 
inferior, and right. The anterior and posterior surfaces are triangular, one of their 
angles, which is situated above and on the right side, being rounded off, while the 
remaining two are acute, and placed one above and on the left side, the other below 
and on the right. 

Dimensions and Weight. — The greatest vertical extent of the liver is near its 
right surface, where it measures, on an average, from five to seven inches. This 
diameter gradually diminishes from right to left, the organ ending on the left side 
in a thin sharp border. Its greatest transverse diameter is usually one or two inches 
more than the corresponding vertical one, but is sometimes less. The antero- 
posterior diameter is greatest on the right side of the vertebral column, and just 
above the right kidney ; here it measures from four to six inches. In front of the 
vertebral column its antero-posterior extent is considerably reduced, being in the 
median plane only about two-and-a-half to four inches. The ordinary bulk of the 
liver is 90 to 100 cubic inches, and its average weight between 50 and (JO ounces. 
According to the facts recorded by Eeid, the liver weighed, in 43 cases out of 82, 
between 48 and 58 ounces in the adult male ; and, in 17 cases out of 30, between 
40 and 50 ounces in the adult female. It is generally estimated to be equal to about 
l-3Gth of the weight of the whole body ; but in the foetus, and in early life, its 
proportionate weight is greater. Thus at birth it is about 1-1 8th of the body 
weight. 

Vicrordt (Anatom. Daten u. TabeUen) (fives the following approximate numbers for the 
adult : — Weight, male 1,579 g., female 1,526 g. ; volume, 1,720 cubic cent ; length, 320 mm. ; 
sagittal diameter, 200 mm. 

The specific gravity of the liver is between 1'05 and 1*06 ; in fatty degene- 
ration this is reduced to 1*03, or even less. 

The liver is solid to the touch, but easily torn. Its colour is a dull reddish- 
brown, with frequently a dark purplish tinge along the anterior margin. Duiing 
life it is probably softer than after death, as when hardened in situ it shows 
impressions for all the viscera that are in contact with it. 

The liver is divided into two unequal lobes, a right and a le/t^ and on the 
under and posterior surfaces of the right lobe are three secondary lobes, named the 
lobe of SpigeliuSy the caudate or tailed lobe, and the quadrate lobe. 

The right and left lobes ai-e separated from each other on the under surface by 
the umbilical fissure (fig. 147, w./), and on the posterior surface by its prolongation, 
the fissure/or the ductus renosus (f.d,i\). On the anterior and upper surfaces the 
only indication of a separation between them is the line of attachment of the fold of 
peritoneum, termed the falciform or hoad ligament, except below, where the 
umbilical fissure is prolonged upwards on the anterior surface for a short distance, 
forming the vmbilical notch (fig. 140). The right lobe is much larger and thicker 
than the left, which is very variable in extent, and ordinarily constitutes only about 
one-fifth or one^ixth of che entire gland. 

Surfaces.— The anterior (fig. 146) is frequently the largest of all the surfaces. 
It is smooth and triangular, and united with the upper and right surfaces by 
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rounded borders, but separated from the under surface by a sharp margin, which 
can often be felt in the living body. This surface is formed by both the right and 
left lobes, the separation between which is indicated by the umbilical notch and the 
attachment of the falciform ligament. To the right of the umbilical notch the 
lower margin of this surface presents an excavation situated over the fundus of the 
gall-bladder. The peritoneum covers the whole of the anterior surface, except along 
a narrow line between the two layers of the above-named ligament. 

The posterior surface (fig. 147) is triangular, very uneven, only partially covered 
by peritoneum, and not so distinctly mai'ked off from the under surface as is the 
anterior. It includes : — 1. A portion of the left lobe which lies immediately in front 
of the cardia, and abuts against the anterior wall of the omental sac. The upper 
part (fig. 147, C), which is in contact with the cardia, is concave, but the remainder 
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Fig. 146. — Anterior scrfack of the liver. (J. S.) 
R, right lobe ; L, left lobe ; B, fundus of gall-bladder ; C, round ligament of liver. 

forms a considerable protuberance {omental tuberosity^ t,o.) projecting over the lesser 
curvature of the stomach. This posterior surface of the left lobe passes with 
a gradual slope into the under surface. 2. The Spigelian lobe (lobulus Spigelii^ L,S.) 
and the caudate lobe (L.C), The latter is a nan*ow ridge prolonging the Spigelian 
lobe towards the under surface of the right lobe. It runs behind the portal fissare, 
and lies immediately above the foramen of Winslow. The Spigelian lote is 
separated from the left lobe by the fissure of the ductus venosus, and from the 
posterior surface of the right lobe by the fossa for the vena cava. Its free surface 
looks directly backwards, and is nearly vertical and slightly concave from side to 
side. Superiorly it slopes over towards the upper surface of the organ, while its 
inferior border is divided by a notch into a right part, which joins the caudate lobe, 
and a left portion, ending in a small tubercle {tuber papillare, His). The Spigelian 
lobe is opposite the tenth and eleventh dorsal vertebrae. It rests against the 
diaphragm, the two opposing surfaces being covered by peritoneum belonging to the 
lesser sac. Behind its upper left hand corner the lower end of the oesophagus passes 
obliquely into the cardia. Lower down behind the left border is the end of the 
thoracic aorta, separated, however, from the liver by the diaphragm. 3. A strip 
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of the right lobe 2| to 8 inches broad ; convex for the most part, except for 
a small depression at its lower and mesial comer, which receives the right supra-renal 
capsule (impressio supra-renalis, i.sr.). In consequence of the separation of the 
layers of the coronary ligament, this surface of the right lobe (fig. 147, X) is not 
covered by peritoneum except at its right extremity. It rests against the ascending 
part of the diaphragm, and superiorly passes gradually into the upper surface. 
Inferiorly it is separated by a sharp margin fi*om the renal impression on the under 
surface. This margin is sloped obliquely downwards and outwards, following 
the line of the eleventh and twelfth ribs. The mesial border often projects over the 
inferior vena cava. 

The upper surface of the organ is smooth, covered by peritoneum and 




Fig. 147.— The liter of a tovkq subject, sketched fbom below akd behind. (The drawiDg has 
been made by Mr. Wesley from a cast prepared under the direction of Prof. His of Leipzig. ) ^ 

i2.Z., right lobe; L.L., left lobe; L.S.^ lobe of Spigelins ; L.C., caudate lobe; L.Q., quadrate 
lobe; p, portal fissure; u.f., umbilical fissure ;/. (2. v., fissure of the ductus venosus; gM., gall- 
bladder ; v.c.i.f Yena cava inferior ; i.g., impression on the under surface of the left lobe corresponding 
to the stomach ; C, position of the cardia ; to,, projection of the posterior surface of the left lobe against 
the lesser omentum (tuber omentale, His); t.c, impressio colica ; t.r., impressio renalis; i.sr., 
impressio supra-renalis ; t.d., impressio duodenalis ; p\ j?^, jj*, p*, lines of reflection of the peritoneum ; 
X, surface of the liver uncovered by peritoneum. 

exactly moulded to the under surface of the diaphragm. Near the median plane it 
gives attachment to the falciform ligament. It has two rounded convex portions 
separated by a shallow concavity corresponding to the situation of the heart. The 
right convexity is much larger and more prominent than the left one. 

The under surface is concave, uneven, and looks downwards, backwards, 
and to the left. It is invested with peritoneum everywhere except where the gall- 
bladder (fig. 147yg,bl) is adherent to it, and at the portal fissure (jo), where the fold 
of peritoneum termed the lesser omentum, which encloses the blood-vessels and 
ducts of the viscus, comes off, and passes to the smaller curvature of the stomach. 
The under surface of the left lobe (ig,) is moulded over the subjacent cardiac part of 
the stomach, and over that part of the anterior surface of the stomach which is 
next to the lesser curvature. 
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The under surface of the right lobe may be regarded as divided by the fossa 
which lodges the gall-bladder {fossa sen impressio vesicalis) iuto two unequal 
portions. Of these the lateral is by far the larger, and is mainly occupied by two 
large shallow concave impressions, one situated anteriorly being produced by the 
hepatic flexure of the colon (impressio colica, i.e.), the other and posterior one being 
caused by the right kidney (impressio renalis, i,r,). These two impressions 
are separated from one another by a low ridge. At the mesial boi*der of the renal 
impression is a third narrow and but slightly marked impression, corresponding to 
the descending part of the duodenum (impressio duodenaliSy id.). 

The mesial of the two parts into which the fossa of the gall-bladder subdivides 
the under surface of the right lobe is somewhat rectangular and oblong, having the 
antero-posterior diameter greater than the transverse ; it is known as the quadrate 
lobe (L.Q.). It is immediately over the pyloric end of the stomach and the 




Fig. 148. — Coronal skction or part uv thorax and abdomen ok rsMALS child, aokd onb tsar 

AND TEN MONTHS. ThK LIVER IN THE INFANT 18 RELATIVELY LARGER THAN IN THE ADULT. 
(J. S.) 

R.L., right lung ; LL., left lung ; R.A., right auricle of heart ; R.V., ri^ht ventricle, distended with 
injection ; S, stomach, empty and contracted ; P, pylorus, situated in the median plane just beneath the 
longitudinal fissure of liver ; D, first part of duodenum in contact with quadrate lobe of liver ; 
G. B., gall-bladder, which wasfuU of bile. 

commencement of the duodenum, and when these are distended they impress upon 
the surface of the quadrate lobe a slight concavity. It is bounded on the left by 
the umbilical fissure, and behind by the transverse or portal fissure. 

The right surface is convex from before backwards, and often slightly 
convex from above downwards. It unites with the upper, anterior, and posterior 
surfaces by rounded borders, but is separated below from the under surface by a 
sharp edge. 

Fissures. — The transverse or portal fissure (fig. 147, j») is the most important, 
because it is here that the great vessels and nerves enter, and the hepatic duct 
passes out. It lies transversely between the quadrate lobe in front and the caudate 
and Spigelian lobes behind, and meets the longitudinal fissure nearly at right angles. 

The longitudinal fissure, between the right and the left lobes, is divided into two 
parts by its junction with the transverse fissure. The anterior part (u.f.), named 
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the umbilical fissure, contains the umbilical vein in the fcebus, and the remnant of 
that vein in the adult, which then constitutes the round ligamenb. It lies between 
the quadrate and left lobes of the liver, the substance of which often forms a bridge 
( pons hepatis) across the fissure, so as to convert it partially or completely into a 
canal. The posterior part {f.d, i\) is named the fissure of the ductus renosus ; it is 
situated between the lobe of Spigelius and the left lobe, and lodges the ductus 
venosus in the foetus, and in the adult a shnder cord or ligament into which that 
vein is converted. 

The fissure or fossa of the vena cava {t\ c. i.) is situated at the back of the liver 
between the Spigelian lobe and the right lobe, and is separated from the transverse 
fissuie by the caudate lobe. It is at the upper part of this fossa that the blood 
leaves the liver by the hepatic veins, which end here in the vena cava. As in the 
case of the umbilical fissure, the substance of the liver in some cases unites around 
the vena cava, and encloses that vessel in a canal. 

The transverse and umbilical fissures are on the under surface of the liver ; the 
fissure of the :ductus venosus and that for the vena cava are on the posterior 
surface. 

Zdgaaiants and Omantmii. — Ihe ligaments of the liver are, with one 
exception, only reflections of serous membrane. Thus the name coronary ligament is 
given to the reflection of peritoneum around the somewhat triangular portion of the 
posterior surface of the liver (fig. 147, X), which is here immediately adherent to the 
diaphragm. These reflections are continued at either end into a fold — ^the right 
and left lateral ligaments^ of which the left is the longer and more distinct, the right 
being sometimes scarcely perceptible. Another of these so-called ligaments is the 
falciform^ broad, or suspensory ligament, a wide thin membrane, formed of two 
cohering layers of peritoneum continuous behind with the upper layer of the 
coronary and left lateral ligament respectively. By one of its margins it is 
connected with the under surface of the diaphragm, and with the sheath of the 
right rectus muscle of the abdomen as low as the umbilicus ; by another it is 
attached along the upper and anterior surfaces of the liver ; the remaining margin is 
free, and contains between its layers the round ligament, a dense fibrous cord, the 
remnant of the umbilical vein of the foetus, which ascends from the umbilicus 
within the lower edge of the falciform ligament, and enters the longitudinal fissure 
on the under surface. 

In addition to the folds called ligaments, the liver gives attachment to two liyers 
of peritoneum, which pass between the liver and stomach, and form the gasfrO' 
hepatic or lesser omentum. This is attached to the transverse fissure of the liver, 
and the posterior part of the longitudinal fissure, or the fissure of the ductus 
venosus, and near its right free border encloses between its two layers the bile-duct, 
portal vein, hepatic artery, lymphatics, and nerves. 

Position with regard to the abdominal and thoracic parietes. — The 
liver occupies the right hypochondriac and epigastric regions, extending also 
frequently into the left hypochondriac and right lumbar. In almost the whole ot 
its extent it is separated from the surface of the body by the lower ribs and costal 
cartilages, but in the subcostal angle a small part of the anterior surface lies directly 
behind the abdominal wall. Above it is accurately adapted to the vault of the 
diaphragm, and the right lobe reaches higher beneath the ribs than the left, 
corresponding thus with the more elevated position of the diaphragm on the right 
side. The liver is separated by the diaphragm from the concave base of the right 
lung, the thin margin of which descends a short distance between the thoracic wall 
and the solid mass of the liver. 

The right surface is protected by the seventh to the 11th ribs, and the anterior 
snrface by the fifth, sixth, seventh, eighth, and ninth costal cartilages, with ' 
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anterior parts of the corresponding ribs, and bj the ensiform cartilage, the 
diaphragm, of course, being interposed. The upper limit of the liver may be 
indicated on the anterior wall of the chest by a line which crosses the median plane 
at the lower end of the body of the sternum. On the right side this line must be 
extended outwards and slightly upwards, so that in the mammary line it is near the 
upper edge of the fifth rib, from which point- it descends towards the seventh rib in 
the mid-axillary line. On the left side the line passes nearly horizontally outwards, 
being slightly overlapped by the heart. 

Its lower limit on the right side practically coincides with the lower edge of the 
thoracic wall as far inwards as the tip of the ninth costal cartilage. About this 
point the line representing its lower edge passes upwards and to the left, to near the 
tip of the eighth costal cartilage. It is then continued in the same direction 
across the lefb costal cartilages, to meet the left end of the upper limit at an acute 
angle. 

The situation of the liver is modified by the position of the body, and also by the 
movements of respiration. Thus, in the upright or sitting position it descends 
to just below the lateral margin of the thorax, but in the recumbent posture ascends 
half an inch or an inch higher up, and is entirely covered by the ribs, except 
a small portion opposite the sub-costal angle. During a deep inspiration the liver 

Fig. 149. — Skktor of a portion of thb under sur- 
face OF THB LITER, SHOWINa THE ARRANGBMEXT 
of thb vessels in the PORTAL FISSURE. (Q. D. T.) 

a, hepatic artery ; p, portal vein ; d, bile-duct ; 
gr.M, gaU-bladder ; p^, p*, lines of reflection of the 
peritoneum. 

also descends below the ribs, even in the 
recumbent posture, and in expiration 
retires up behind them. In females it is 
often permanently forced downwards below 
the costal cartilages, owing to the use of tight 
stays ; sometimes it reaches nearly as low as 
the crest of the ilium, and in many such cases its convex surface is indented from 
the pressure of the ribs. 

The position of the liver is also affected by the condition of its neighbouring 
organs. Thus, when the intestines are distended and the abdomen prominent, the 
liver is pushed upwards, and its vertical extent diminished, while when these are 
empty and the abdominal wall retracted, the liver is compressed from before 
backwards, and the inferior surface is nearly in the same plane as the posterior. 
Again, with the distension of the stomach the left lobe of the liver is pushed over 
towards the right side. 

Vessels and Nerves.— The two vessels by which the liver is supplied with 
blood are the hepatic artery and the portal vein. The hepatic artery (fig. 149), 
a branch of the coeliac axis, is small in comparison with the organ to which it is 
distributed. It enters the transverse fissure, and there divides into a right and left 
branch for the two principal lobes. 

By far the greater part of the blood which passes through the liver — and in this 
respect it differs from all other organs of the human body — is conveyed to it by a 
large vein, the portal vein, or vena portas (fig. 149). This vein is formed by the 
union of the veins of the stomach, intestines, pancreas, and spleen. It enters the 
transverse fissure, or porta hepatis, and, like the hepatic artery, there divides into 
two principal branches. 

The hepatic artery and portal vein, lying in company with the bile-duct, ascend 
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to the liver between the layers of the gastro-hepatic omentum, in front of the 
foramen of Winslow, and thns reach the transverse fissure. In this course the 
bile-duct is to the right, the hepatic artery to the left, and the large portal vein 
behind the other two. Thev are accompanied by numerous lymphatic vessels and 
nerves. The branches of the three vessels accompany one another in their course 
through the liver nearly to their termination, and are surrounded for some distance 
by an areolar investment, the so-called capsule of Glisson, which is prolonged into 
the interior of the organ. 

The hepatic veins, which convey the blood away from the liver, pursue through 
its substance an entirely different course from the other vessels, and pass out at its 
posterior surface, where, at the upper part of the fossa already described, they end 
by two or three principal branches, besides a number of smaller ones, in the vena 
cava inferior. 

The lymphaties of the liver, large and numerous, form a deep and a superficial 
set. Their mode of origin and their course will be afterwards described. 

The nerves are derived partly from the cceliac plexus, and partly from the 
pneumogastric nerves, especially from the left pneumogastric. They enter the liver 
supported by the hepatic artery and its branches, along with which they may be 
traced in the portal canals. 

Excretory Apparatus. — The excretory apparatus of the liver consists of the 
hepatic duet, the cystic duct, the gall-bladder, and the common bile-duct. 

The hepatic duct, formed by the union of a right and left branch, which 
issue from the bottom of the transverse fissure and unite at a very obtuse angle, 
descends to the right, within the gastro-hepatic omentum, in front of the vena 
portsB, and with the hepatic artery to its left. Its diameter is about ^th of an inch 
(4 mm.), and its length nearly two inches (one inch only, according to Luschka) 
At its lower end it meets with the cystic duct, descending from the gall- 
bladder, and the two ducts uniting together at an acute angle form the common 
bile-duct. 

The i^-bladder (fig. 147, g^bl.), is a pear-shaped membranous sac, 3 or 4 
inches (75 to 100 mm.) long, about an inch and a half (85 mm.) across its widest 
part, and capable of containing from 8 to 12 fluid-drachms (30 to 50 cub. cent.). 
It is lodged obliquely in the fossa before mentioned on the under surface of the 
right lobe, with its large end or fundus, which projects beyond the anterior border 
of the liver, directed forwards, downwards, and to the right, whilst its neck is 
inclined in the opposite direction. Its upper surface is attached to the liver by 
areolar tissue. Its under surface and fundus are covered by the peritoneum, 
which is reflected over them from the surface of the liver. In rare cases the 
peritoneum completely surrounds the gall-bladder, which is then suspended by 
a sort of mesentery from the under surface of the liver. The fundus generally 
touches the abdominal parietes immediately beneath the margin of the thorax, 
opposite the ninth costal cartilage. It is, however, subject to considerable varia- 
tions. Thus, if the liver be small, or the gall-bladder empty, it often fails 
to reach the abdominal wall. In cases of distension of the stomach it may be 
displaced to the right. The gall-bladder rests below on the commencement of the 
transverse colon ; and, farther back, it is in contact with the duodenum, and some- 
times with the pyloric extremity of the stomach. The neck, gradually narrowing, is 
curved like the letter S, and then, becoming much constricted, and changing its 
general direction altogether, it bends downwards and terminates in the cystic duct. 

The gall-bladder is supplied with blood by the cystic artery, a branch of the 
right division of the hepatic artery, along which vessel it also receives nerves from 
the cceliac plexus. The cystic veins empty themselves into the vena portae. 
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The cystic duct is about an inch and a half in length (35 mm., Luschka), 
and only about ^V^^ ^^ ^^ ^^^^ ^^^ (^'^ °^™'> Krause). It runs backwards, 
downwards, and to the left, and unites with the hepatic duct to form the common 
bile-duct. 

The common bile-duct, ductus communis cMedochus, about ^ of an inch 
(5*6 mm. to 7*5 mm., Krause) in width, and nearly three inches (about 70 mm.) 
in length, conveys the bile into the duodenum. It passes downwards and back- 
wards, continuing the course of the hepatic duct, between the layers of the gastro- 
hepatic omentum, in front of the vena portae, and to the right of the hepatic artery. 
Passing behind the first part of the duodenum it reaches the descending portion 
and continues downwards on the inner and posterior aspect of that part of the 
intestine, covered by or included in the head of the pancreas, and for a short 
distance in contact with the right side of the pancreatic duct. Together with that 
duct, it then perforates the muscular wall of the duodenum, and, after running 
obliquely for three quarters of an inch between its coats, and forming an elevation 
beneath the mucous membrane, it becomes somewhat constricted, and opens by a 
common orifice with the pancreatic duct on the inner surface of the intestine, 
near the junction of the second and thii^d portions of the duodenum, and three or 
four inches beyond the pylorus, as already described. 

Liver in the Infant. — The liver is relatively much larger in the new-bom 
child than in the adult. Indeed, at birth, it occupies nearly one half of the 
abdominal cavity. The left lobe, as compared with the right, is distinctly larger 
than in the adult, and often reaches to the left, so as to come in contact with 
the lateral wall of the abdomen on that side, presenting in this position a distinct 
left surface. In such cases Ballantyne describes the anterior surface as being 
more nearly quadrilateral than triangular. According to this authority, the 
anterior surface of the liver in the new-bom infant corresponds in its vertical extent 
in the median plane with the last four dorsal and upper two lumbar vertebrae, and its 
lower border is within 2 cm. of the umbilicus. Its vertical extent increases from 
left to right, the lower edge of the right surface coming within 1 cm. or 1-5 cm. of 
the right iliac crest. 

Varieties. — The liver is not subject to great or frequent deviation from its ordinary 
form and relations. It has been found without any division into lobes. On the other hand, 
Soemmerringr has recorded a case in which the adult liver was divided into twelve lobes, and 
similar cases of subdivided liver (resembling that of some animals) have been now and then 
observed by others. A detached portion, forming a sort of accen^ory liver, is occasionally 
found appended to the left extremity of the gland by a fold of peritoneum containing blood- 
vessels. The upper surface sometimes shows longitudinal furrows, which are occupied, when 
the organ is in »Hh, by folds of the diaphragm. These have been attributed to tight lacing, 
but, according to Turner, they are found almost as frequently in males as in females, and 
are probably congenital. Various cases have been described of unusual mobility of the liver 
in women with flaccid and often pendulous abdominal walls (see Landau, Die Wanderlelter 
nnd dcr Hdngehaurh der Franen, 1888). 

The gall-bladder is occasionally wanting, in which case the hepatic duct is much dilated 
within the liver, or in some part of its course. Sometimes the gall-bladder ie irregular in 
form, or is constricted across its middle, or, but much more rarely, it is partially divided in 
a longitudinal direction. Purser (Trans. Acad. Med., Ireland, Vol. V.) has recorded a case in 
which there were two distinct gall-bladdern, each having a cystic duct which joined the 
hepatic duct The gall-bladder has been found on the left side (Hochstetter, Arch, f . Anat.. 
1886) in subjects in which there was no general transposition of the thoracic and abdominal 
viscera^ Direct communications by means of small ducts (named hepato-cystic), passing 
from the liver to the gall-bladder, exist regularly in various animals ; and they are sometimes 
found, as an unusual formation, in the human subject. 

The right and left divisions of the hepatic duct sometimes continue separate for some 
distance within the gastro- hepatic omentum. Lastly, the common bile-duct not unfrequently 
opens separately from the pancreatic duct into the duodenum. 
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BTRUOTUBB OF THB LIVSB. 

The liver is covered externally by a serous coat deri\'«d frorn the peritoneum. 
This, with its folds and so-called ligaments, has already received notice. In its 
p^eneral structure it resembles other serous membranes, but no stomata have as yet 
been described in it. Connecting the serous coat to the glandular substance, aud 
also present where the serous coat is absent, is a layer of areolar tissue, which 
is described as the areolar or fibrous coat of the organ. Its inner surface is 
connected with the delicate areolar tissue which lies between the hepatic lobules. 
Ofjposite the transverse fissure, where it is greatly increased in amouut, it invests 
the entering and issuing vessels and duct, forming for them a loose but strong 
sheath of areolar tissue, which surrounds all their branches as they mmify through 
the organ, becoming more and more delicate, until it becomes continuous with the 
areolar tissue between the lobules. To this investment of areolar tissue, which 
encloses the three vessels above mentioned, and their branches, the name capsule of 
Glisson has been applied, and the canals through the liver substance which are 
occupied by those vessels and their " capsule " have been termed portal canals. 
At the back of the liver, where there is no serous coat, the areolar coat is also 

Fig. 150.— Section of a portal canal (E. A. iS.). 
Magnified. 

a, branch of hepatic artery ; v, branch of portal vein ; 
d, bile-duct ; /, /, lymphatics in the areolar tissue of Glisson's 
capsule which enclo-ies the vessels. 

considerably thickened, and it here invests the 
hepatic veins as they issue from the organ to 
open into the vena cava inferior. These veins 
aud their tributaries are also invested in their 
course through the liver by areolar tissue con- 
tinuous with that of the areolar coat, but it is 
very small in amount, and binds the hepatic 
veins closely to the glandular substance, so that 
in section of these hepatic canals in the dead i 
liver the vein always remains patent, whereas in 
secLiou of the portal canals the looseness of the 

areolar tissue investing them, and the large relative amount of this tissue, enables 
the branches of tiie portal vein to collapse, and this is their usual condition when 
seen in section, if empty of blood. Both the portal and the hepatic canals conduct 
lymphatic vessels, which discharge their lymph into lymphatic glands, situated 
respectively at the transverse fissure and behind the organ. 

Hepatic lobules. — The proper substance of the liver, which has a mottled 
aspect when closely observed, is compact, but not very firm. It is easily cut 
or lacerated, and is not unfrequently ruptured during life from accidents in which 
other parts of the body have escaped injury. When the substance of the liver is 
torn, the broken surface is not smooth, but coai-sely granular, the liver being 
composed of a multitude of small lobules (fig. 151), which vary from -j^Ah. to^^th of 
an inch in diameter (1 — 2 millimeters). 

These lobules in some animals, as in the pig and camel, are completely isolated 
one from another by areolar tissue continuous with the fibrous coat of the liver, and 
with the capsule of Glisson ; but in the human subject and in most animals, 
although very distinguishable, they are confluent in a part of their extent. 

The lobules of the liver have, throughout its substance, in general the polyhedral 
form of irregularly compressed spheroids, but on the surface they are flattened and 
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angular. They are all compactly arranged around the sides of branches (subtobular) 
of the hepatic veins (fig. 151), each lobule resting, by a smooth surface or base, upon 
the vein, and being connected with it by a small venous trunklet (intralobular), 
which begins in the centre of the lobule, and passes out from the middle of its base, 
to end in the larger subjacent vessel. If one of the sublobular veins be opened (as 
in the figure), the bases of the lobules may be seen through the coats of the vein, 
which are here very thin, presenting a tesselated appearance, each little polygonal 
space representing the base of a lobule, and having in its centre a small spot, which 
is the mouth of the intralobular vein (t). 

Each lobule consists of a mass of cells penetrated from the circumference to the 
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Fig. 151. — Skction of a portion of livkk passihq lohoitudinallt throuoh a CONSIDBRABLE nSPATIO 
TBiK, FROM THE piQ (after Kieman). About 5 Diameters. 

H, hepatic venous trunk, against which the sides of the lobules are applied ; h, A, A, three 
sublobular hepatic veins, on which the bases of the lobules rest, and through the coats of which thej 
are seen as polygonal figures ; i, mouth of the intralobular veins, opening into the sublobular veins ; 
t', intralobular veins shown passing up the centre of some divided lobules ; c, c, waUs of the hepatic 
venous canal, with the polygonal bases of the lobules. 

Pig. 162. — Longitudinal section of a portal canal, containing a portal vein, hepatic artert, ani> 
HEPATIC DUCT, FROM THE pio (after Kieman). About 5 diameters. 

p, branclt of vena portte, situated in a portal canal, formed amongst the lobules of the liver ; 
j>, p, larger branches of portal vein, giving off smaller ones named interlobular veins ; there are also 
seen within the large portal vein numerous orifices of interlobular veins arising directly from it ; 
a, hepatic artery ; d, biliary duct ; at c, c, the venous wall has been partially removed. 

centre by a close network of blood-capillaries, as well as by the minute capillary 
commencements of the bile-ducts, with the intervention of little other tissue. For 
convenience of description, the disposition of the vessels of the liver may be con- 
sidered first. 

Blood-vessels. — The portal vein and hepatic artery, accompanied by the 
emerging biliaiy ducts, enter the liver at the transverse fissure. Within the liver 
the branches of these three vessels lie together in the portal canals. 

The portal vein subdivides into branches which ramify between the lobules, 
anastomosing freely around them, and are named interlobular or peripheral veina^ 
(fig. 153, j9). The branches of these pass into the lobules at their circumference^ 
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and end in the capillary network, from which the iniralohular or central veins take 
origin. Within the portal canals the branches of the portal vein receive small 
veins which are returning blood distributed by branches of the hepatic artery. 

The hepatic artery terminates in three sets of branches, termed vaginal, 
capsular, and interlobular. The vaginal branches ramify within the portal canals, 




Pig. 153. — Diagrammatic rkprkskhtation of two hkpatic lobules (E. A. 8.) 

The left-hand lobule is represeDted with the intralobular vein cut across ; in the right-hand one the 
section takes vhe course of the intralobular vein, p, interlobular branches of the portal vein ; A, intra- 
lobular branches of the hepatic veins ; «, sublobular vein ; c, capillaries of the lobules. The arrows 
indicate the direction of the course of the blood. The liver-cells are only represented in one part 
of each lobule. 

supplying the walls of the ducts and vessels, and the accompanying connective 

tissue. The capsular branches appear on the surface of the liver spread out on the 

fibrous coat, accompanied by their veins. The interlobular branches accompany the 

. interlobular veins, but are much smaller ; they supply blood to the walls of these and 

Pio. 164. — Capillary hbtwork of p p 

THU LUBULKS OF THE RABBIt's 

LiTJiR (from KoUiker). About 

40 DiAMSTBRS. 

The figure is taken from a very 
successful injection of the hepatic 
veins made by Harting ; it shown 
ne irly the whole of two lobules, and 
l»arts of three others : j), portal 
br^iches running in the interlobular 
sp ices ; A, hepatic veins radiating 
from the centre of the lobules. 



the accompanying bile-ducts ; 
it is doubtful if they transmit 
any blood directly to the capil- 
lary network of the lobules. 

The capillary network P ^' 

of the lobules is very close, 

so that commonly the interval between two vessels is not greater than the diameter 
of two liver cells (figs. 153, 154, 155). Moreover, the vessels are comparatively 
large (0*01 mm.), and in specimens in which they have been filled with transparent 
injection, can be seen, not only to pass in a radiating manner, as before described, 
between the intra- and inter-Iobular veins, but also in the human subject to be 
continued from one lobule to another. 

K 2 
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The capillaries are accompanied by a small amount of fine connective tissue 
of a retiform or reticular character, the fibrils of which are densely felted, and when 
stained give the appearance of a close lattice-work. This is far better developed in 
some animals than in man. Characteristic of this tissue is the presence of a large 
number of stellate cells (Kupffcr), which appear to be applied to the blood-capillaries. 
This reticular tissue occurs more abundantly at the centre and surfaces of the 
lobule, near the intralobular and interlobular veins, than elsewhere ; it forms a 
delicate framework to the vascular aud glandular structures. In the connective 




Pig. 155. — Cross section o? a lobulk of the human liver, in whicb the capillary network 
^^ between the portal and hepatio veins has been fully injected (from Sappey). 6u 

DIAMETERS. 

1, sect'.oQ of the intralobular or central vein ; 2, its smaller branches collecting blood from the 
capillary network ; 3, interlobular or peripheric branches of the vena port» with their smaller 
ramifications passing inward-i towards the capillary network in the substance of the lobule. 

tissue accompanying the interlobular veins there are numerous granular connective 
tissue cells. 

The hepatic veins commence in the centre of each lobule by the convergence 
of its capillaries into the single independent intralobular or central vein (tigs. 
153, A, and 155, 1), as already stated. These minute intralobular veins open at 
once into the sides of the adjacent sublohular veins (fig. 153, «), which are of 
various sizes, and join to form larger vessels, ending at length in hepatic venous 
trunks, which receive no intralobular veins. Lastly, these, venous trunks, con- 
verging towards the posterior surface of the liver, and receiving in their course other 
sublobular veins, terminate in the vena cava inferior, as already described. In this 
couree the hepatic veins and their successive ramifications are unaccompanied by any 
but lymphatic vessels. Their coats are thin ; the sublobular branches adhere 
closely to the lobules, and even the larger trunks have but a slight areolar investment 
connecting them to the substance of the liver. Hence, as already explained, the 
divided ends of these veins are seen upon a section of the liver as simple open 
orifices, the thin wall of the vein being surrounded closely by the solid subscance of 
the pland. 

The hepatic cells. — The interstices between the blood-vessels are, as before 
said, almost entirely filled by the hepatic cells. These are of a compressed spheroidal 
or polyhedral form, having a mean diameter of from 0*01 7mm. to 0*022mm. They 
possess no cell membrane. Collectively they are yellowish, but, seen singly, are 
colourless, with a variable numbsr of yellow or brown pigment granules in their 
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protoplasm. Their sabstance appears granular, and they contain each a clear round 
nucleus, with intra-nuclear network and one or two nucleoli. Sometimes two 
nuclei are to be found in a cell ; this is frequently the case in the rabbit. In many 
cases, especially with a fatty diet, the cells are found to have large or small fat- 
globules in their interior ; this fatty deposit is usually more abundant in the cells 
which are near the periphery than in those near the centre of the lobule. When 
isolated in the fresh condition they are said to exhibit slow changes of form. The 
liver-cells are packed between and around the vessels, and in sections made at right 
angles to the intralobular veins, appear as if radiating from the centre of the 
lobules towards their circumference. They form a continuous network, or sponge- 
work, the more obvious openings in which are the spaces occupied by the blood- 
capillaries. The walls of the latter are not everywhere in contact with the liver 




Fig. 156.— Hbpatio oblls from thk liver op a doo 14 hours after a fcll meal. (Hcidcnhain). 

a, with glycogenic deposit ; b and c^ after its solntion. Id c the network of protoplasm which 
remains is finer than in b, and imparts a somewhat granular appearance to the cells. The external 
lajer of the protoplasm contains no glycogen. 

cells, but are separated from them in parts by a cleft-like lymphatic space, which is 
only imperfectly marked off by the flattened and stellate connective tissue cells 
before mentioned (p. 132). 

The hepatic cells frequently contain glycogen, especially after a heavy meal of 
starchy matters. It occurs in globules or in irregular amorphous masses within 
them (Heidenhain), and when abundant reduces the protoplasm of the cell to 
the condition of an open network, which becomes very distinct after solution of 
the glycogen (fig. 15fi). When these masses of glycogen are not present the 
protoplasm exhibits, after hardening, a moi*e finely reticulated appearance (Klein, 
Langley). 

Commenoement of the ducts. — When a thin section of the hardened tissue is 
examined under a high power of the microscope, minute apertures may occasionally 
be observed between the opposed sides of adjacent liver-cells. These are the sections 
of fine intercellular passages {bik-canalicult), which form a close network (figs. 157, 
158) between and around the individual cells, much finer and closer than the blood- 
capillary network, from the branches of which they run apart. These passages are 
the commencements of the biliary ducts, into which at the circumference of the 
lobule they open. They may be injected from the trunk of the bile-duct, at 
least in the outer parts of the lobule (fig. 157). It is uncertain whether they 
have a proper wall, or if they are merely channels grooved out between the 
hepatic cells. 

To demonstrate the intercellular network throughout the whole extent of the 
lobules, Chrzonszcz^wsky employed a method of natural injection. He introduced a 
saturated watery solution of pure sulph-indigotate of soda, in repeated doses, into the 
circulation of dogs and sucking-pigs, by the jugular vein ; and in an hour and 
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a half afterwards the animals were killed, and the blood-vessels either washed ont 
with chloride of potassium, introduced by the portal vein, or were injected with 
gelatine and carmine. In specimens prepared in this way the fine network of bile- 
dnctfi throughout each lobule is filled with blue, while the intervening cells remain 
free from colour. By killing the animals sooner after the injection, the blue 
colouring matter was found within the hepatic cells, thus demonstrating that it was 
through their agency that the canals were filled. They may also be shown by the 
chromate of silver method. 

From the observations of Pfliiger and of KupflFer, it would appear that the 




Fig. 157. — Skctiuk of a liyer-lobulk with the blood* vessels and ducts injected. (Cadiat) 

b, b, interlobular veins ; a, intralobular vein ; e, interlobular bile-ducts, with which the bile 
canaliculi from the lobule are connected. The canaliculi have only becomo injected in the peripheral 
parts of the lobule. 

relation between the hepatic cells and the bile-canaliculi is even more intimate than 
has been generally supposed. For both by the methods of artificial and of natuml 
injection, they have demonstrated the existence of vacuoles within the cells 
communicating by exceedingly minute intracellular channels with the adjoining 
bile-canaliculi (see fig. 159). These observations have since been confirmed by 
others, but it is not known whether the channels and vacuoles in question are 
permanent structures, or whether they are only formed at the moment of secretion. 

In the lower vertebrates and in the embryos of birds and* mammals the liver 
is a tubular gland, composed of branching tubules nearly filled with the glandular 
cells of the organ (fig. 160), and with narrow lumina (biliary canaliculi), directly 



THE LIVER. 



135 



continnous with the ducts. The biliary canaliculi do not anastomose nor form a 
network in the embryo (fig. 160), and in some mammals, e.g., mouse, Retzius was 
unable to find evidence of a network, even in the adult state, although in others 

Fig. 158. — Section of rabbit's livkr with the intsr* 

CELLULAR NETWORK OF BILB-CANALICULI INJECTED. 

HiOHLT MAGNIFIED (Hering). 
Two or three layers of cells are represented ; 6, 6, 
blood capiUaries. 

(dog, man) it is sufficiently obvious. In all 
animals the bile- canaliculi are separated by 
at least a portion of a liver-cell from the 
nearest blood capillaries. 

A different account of the structure of the 
liver of the lower vertebrata and of the embryo 
bird and mammal is given by Shore and Jones 
(Journ. of Physiology, vol. x.). 

Structure of the dacts. — The minute 
ramifications between the lobules have walls 
composed of fibrillar connective tissue, within 
which is a basement membrane, and a lining 
of short columnar epithelium. According to 
Heidenhain they also possess both longitudi- 
nally and circularly disposed muscular cells 

in their wall. As they pass into the lobules, the columnar epithelium becomes shorter 
and flatter, the tube at the same time branching both laterally and terminally, 
and becoming much reduced in size, so that only a very small lumen is left. The 
basement membrane is no longer complete, and the intercellular bile passages open 
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Fig. 159. — Sketches illustrating the mode of oommenoembnt of the bils-oakaliouu within the 
LiYRR-OBLLS (Heidenhain after Kupffer). 

A. Canaliculi of the rabbit'B liver artificially injected from the hepatic duct with Berlin blue 
solution. The intercellular canaliculi are seen to give off minute twigs, which penetrate into the liver- 
ccUb, and there terminate in vacuole-like enlargements. 

B. From a frog's liver naturally injected with sulph-indigotate of soda. A similar appearance is 
obtained, but the communicating twigs are ramified. 

directly into the minute ducts, the hepatic cells abutting against the flattened 
epithelium of the latter. 

In the portal canals, where they are somewhat larger, the ducts present numerous 
openings on the inaer surface, which are scattered irregularly in the larger ducts, 
but in the^subdivisions are arranged in two longitudinal rows, one at each side of 
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the vessel. These openings were formerly supposed to be the orifices of mucous 
glands ; but, while the main ducts are studded with true mucous glands of lobulated 
form and with minute orifices, the openings now referred to belong to saccular and 
tubular recesses, which are often branched and ana6tx)mosiDg, and may be beset all 
over with caecal projections (Theile). The larger bile-ducts have areolar coats, contain- 
ing abundant elastic tissue, and a certain amount of plain muscular tissue disposed 
both longitudinally and circularly. They are lined with columnar epithelium. 

In the duplicature of peritoneum forming the left lateral ligament of the liver, 
and also in the two fibrous bauds which sometimes bridge over the fossa for the 
vena cava and the fissure of the umbilical vein, there have been found biliary ducts 
of considerable size which are not surrounded with lobules. These aberrant ducts, 
as they are called, were described by Ferrein, and afterwards by Kienian ; they 
anastomose together in form of a network, and are accompanied by branches of the 
vena portae, hepatic artery, and hepatic vein. They represent portions of hepatic 

Fig. 160. — From a chromatk op 

SILVER PREPARATION OK THE 
LIVER OF A SIX MONTHS* 

F<£TUs. (G. RetziuB.) 

The bile-canaliculi are repre- 
sented black. It is seen that at 
this stage of dcTclopment they do 
not anastomose. They appear to 
give minute offsets, which end 
between and within the liver- 
cells in small enlargements. 

substance which were pre- 
sent at an early period of 
development, but have sub- 
sequently become atrophied. 
Lymphatics of the 
liver. — Lymphatics are 
' seen in the prolongations 
of Glisson's capsule between the lobules (interlobular lymphatics)^ where they 
accompany the blood-vessels, and in some cases surround and enclose them. They 
originate from the lymphatic spaces around the capillaries of the lobules (p. 183). 
They unite into larger vessels, which run along the portal canals (fig. 150, //), and 
emerge at the portal fissure. Other lymphatic vessels accompany the branches of the 
hepatic veins, also conveying lymph from the perivascular lymphatics of the lobules. 
There is further a close subperitoneal plexus on the surface of the organ, which 
on the upper surftice communicates, through the ligaments of the liver, with the 
thoracic lymphatics, and on the under surface with the lymphatics of Glisson's capsule. 
In the pig's liver lymphoid follicles have been noticed by Kisselew and 
Chrzonszczewsky, in connection with the interlobular lymphatics. 

Nerves of the liver. — The liver receives nerves from the left pneumogastric 
and from the solar plexus of the sympathetic. The b:anches of the pueumogastric 
reach the organ between the two layers of the small omentum and enter at the 
portal fissure. The sympathetic branches also enter the portal fissure, accompauying 
the hepatic artery : some branches also accompany the portal vein. The termi- 
nations of the nerves within the liver have been investigated by Berkeley, who 
describes them as ending in fine terminal arborizations, showing varicosities, 
especially at their extreme endings, and as being distributed to the walls of 
the blood-vessels and biliary ducts, and also between the hepatic cells of the 
lobules. According to this author, they follow the course of the biliary canaliculi. 
Korolkow has studied the nerve-endings in the liver of the pigeon by the methylene 
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blue method. He describes the nerves which enter the liver and accompany the 
vessels and ducto to the intervals between the lobules as both medullated and non- 
mednllated. Of these, the latter are distributed almost exclusively to the arteries 
and veins, whereas the former enter the lobules, and, losing their medullary sheathp, 
run at first along the trabecute of hepatic cells, and finally end by ramifying between 
and over the cells (fig. 161). 

Stmctnre of the Gall-bladder. — Besides the peritoneal investment and the 
mucous lining, the gall-bladder possesses an intermediate muscular and connective 
tissue coat, of considerable strength. This consists mainly of bands of dense shining 
white fibres, which interlace in all directions. Intermingled with these are plain 




Fig. 161. — Plbxus ov nerve-vibuils vriTniN a hepatic i.odulk of the pigeon; methylene dlub 

METHOD. (Korolkow.) 

a a, axi&>cylinder8 of nerve-fibres, passing lietween tbe cell-trabeculse of the lobule, c ; 6 6, fibnls 
ramifying over tlie cells of the trabeculte. 

muscular fibres, which have principally a longitudinal direction, but some mn 
transversely. This coat forms the framework of the organ, and supports the larger 
blood-vessels and lymphatics. The nerves form a gangliated plexus within it ; 
partly also immediately beneath the serous coat (L. Gcrlach). 

The mncoiui membrane which after death is generally strongly tinged with bile, 
is elevated upon its inner surface into very numerous small ridges, which, uniting 
together into meshes, leave between them depressions of diflfei-ent sizes, and of various 
polygonal forms. This gives the interior of the gall-bladder an alveolar aspect, 
similar to what is seen on a smaller scale in the vesiculaB seminales. These alveolar 
intervals become smaller towards the fundus and neck of the gall-bladder, and at the 
bottom of the larger ones other minute depressions, which may be seen with a simple 
leng, lead into numerous mucous recesses. The whole of the mucous membrane is 
covered by columnar epithelium, and it secretes an abundance of viscid mucus. 
The blood-vessels form a close network near the surface of the mucous membrane, 
and there is also a fiue lymphatic plexus in the mucous membrane, communicating 
with a network of larger vessels in the serous coat. 
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At the places where the neck of the gall-bladder curves on itself there are strong 
folds of its mucous and areolar coats projecting into the interior. 

In the cystic duct the mucous membrane is elevated internally in a similar 
manner into a series of crescentio folds, which are arranged in an oblique direction, 
and succeed closely to each other, so as to present very much the appearance of a 
continuous spiral valve. When distended, the outer surface of the duct appears to 
be indented in the situation of these folds, and dilated or swollen in the intervals 
80 as to present an irregularly sacculated or twisted appearance. In the structure of 
its wall the cystic duct resembles the gall-bladder. 
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THE FANCRBA8. 

The pancreas (fig. 162) is a long gland of a reddish cream colour and 
irregularlj prismatic shape, which lies across the posterior wall of the abdomen, 
behind the stomach, and opposite the first and second lumbar vertebrae. Its right 
end is the larger and is termed the head ; from this arises a short and slightly con- 
stricted neck, which connects the head with the body. The bodj passes to the left, 
its free extremity or tail touching the spleen. 

The pancreas varies oonsiderably, in di£ferent cases, in its size and weight It is usually 
5 or 6 inches (120 — 150 mm.) lon^, and from half an inch to an inch in thickness. The 




Fig. 162. — Anterior aspkct of the pancrkas, &o., drawn by G. C. R. Harbinson, prom a spxoimkn 

PREPARED B7 HARDENINO THE ABDOMINAL VISCERA IN SITU Br THE INJECTION OF ▲ 1 P.a 
SOLUTION OF CHROMIC ACID. (J. S.) 

H.H.H., head of pancreas ; C; its neck ; 6.B., its body ; A., anterior surface of the body ; I., its 
inferior surface ; O.T., omental tuberosity near right end of body ; 2nd, 3rd, 4th, corresponding parts of 
the duodenum ; J., jejunum ; H.A., hepatic artery ; G., gastric artery ; S.P., splenic artery ; G.D., 
gajBtro-duodenal artery; S.P.D., superior pancreatico-duoilcnal artery; S.V., splenic vein; I.M., 
inferior mesenteric vein ; S.M.V., superior mesenteric vein ; P.V., portal vein ; B.D., bile duct. 

weight of the gland, according to Krause and Clendenning, is usually from 2j to 3^ oz. (G6 to 
102 grammes) ; but Meckel has noted it as high as 6 oz., and Soemmerring as low as 1^ oz. 
Its specific gravity is 1*046. 

The head (fig. 162, H) of the pancreas forms a disc-shaped mass flattened from 
before backwards, and lying in the concavity formed by the second, third, and fourth 
parts of the duodenum, to which it is closely united. The superior mesenteric 
vessels are in contact with the anterior surface near its left border, while near its 
lower end it is crossed by the transverse colon and its meso-colon. The superior 
and inferior pancreatido-duodenal vessels pass down in front of the head a short 
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distance from its right and left borders respectively. Posteriorly it lies npon the 
inferior vena cava, the left renal vein and the aorta. The common bile duct 
passes down behind it, and is generally received into a groove or canal in its 
substance. 

The nerJc of the pancreas (fig. 162, C) is abont an inch long. It springs from the 
upper part of the anterior surface of the head and turns upwards, forwards, and to 
the left to join the body. In its course it passes in front of the termination of the 
superior mesenteric vein and the commencement of the vena portae. At its attach- 
ment to the head it is grooved on its right side by the gastro-duodenal and superior 
pancreatico-duodenal arteries. The first part of the duodenum lies against its 




Fig. 163. — View of thb abdominal tiscera from behimd, after removal of the spinal column, 

THE WHOLE OF THE POSTERIOR WALL OF THB ABDOMEN AND THB KIDNETS AND BUPRA-REXAL 

CAPSULES, THB PBRiTONBUM BEING LEFT (thU and the next figure are taken from Prof. HU' 
models), i 

Pf pancreas ; P', its head ; d, duodenum ; st, stomach ; spl, spleen ; R.L.f right lobe of the liver ; 
L,S.f Spigelian lobe ; r.c.t., vena cava inferior ; p.r., portal vein ; 6, common bile duct ; t.r., impres- 
sion for the right kidney on the posterior surface of the liver ; the situation of the two kidneys is well 
shown by the corresponding impressions in the cast ; asc. col., dt»c. col., ascending and descending 
colon ; pU back of the peritoneum ; m, lino of attachment of the mesentery ; VIII, IX, X, XI, the 
corresponding ribs ; il, ilium. 

anterior and right aspect, and the pylorus often touches it when the stomach is 
distended. 

The body and tail together (fig. 162, B) are four or five inches long. After 
crossing from the right side in front of the aorta the body curves backwards in its 
course to the left, and close to the spleen the tail turns sharply upwards and backwards. 
The body is prismatic in form and has three surfaces, anterior, posterior, and inferior. 
The inferior surface is narrow but better marked on the left than on the right side. 
The surfaces, like those of the liver, are moulded to the adjacent organs. 

The anterior surface is concave, looks upwards as well as forwards, and is covered 
by the stomach, the lesser sac of the peritoneum intervening. At its right extremity 
it often forms a well-marked prominence called the omental tuberosity (His). 
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The posterior surface lies in front of the aorta, the origin of the superior 
mesenteric arterj, the pillars of the diaphragm, the splenic vein, the left kidney and 
its vessels, and the left suprarenal capsule. 

The inferior surface is narrow and rests upon the duodeno-jejunal flexure, and 
frequently also upon some convolutions of the jejunum and upon the transverse 
colon near its left end. 

The superior border lies in relation with the coeliac axis, the hepatic branch of 
this trunk passing to the right just above it, while on the left side the splenic artery 
in its tortuous course to the spleen grooves it. 

At the anterior border the two layers of the transverse meso-colon separate, the 
anterior layer ascending in relation with the anterior surface of the pancreas, whilst 
the posterior layer passes backwards in contact with the inferior surface. The 
posterior surface is thus devoid of peritoneum. 




Fig. 164.— Tub PikKCRKAS akd adjoimino vihcsra from bkfouk. ^ 

The liver, the stomach, the greater part of the small intestine, and the transverse colon have been 
removed. P^ pancreas; d, duodenum; d.j.^ duodeno-jejunal flexure; above the duodenum, and 
between it and the head of the pancreas are seen the bile-duct, portal vein, and hepatic aitery ; 09c. 
eol.f deic, eoL, ascending and descending colon ; <p/., spleen ; r.k.^ Lk,, right and left kidneys; «.r., 
<.r', right and left suprarenal capsules ; p/, peritoneum at the back of the abdominal cavity ; 9/1, line 
of reflection of the mesentery ; the line of reflection of the transverse mesocolon is seen along the lower 
edge of the pancreas and crossing the duodenum. 

The tail of the pancreas is in contact with the lower part of the inner surface of 
the spleen. 

The principal excretory duct, called the pancreatic duct or canal of Wirswig, 
runs through the entire length of the gland from left to right, buried entirely in its 
substance. Commencing by the union of the small ducts derived from the groups 
of lobules composing the tail of the pancreas, and receiving in succession at various 
angles and from all sides the ducts from the body of the gland, the canal of Wirsung 
pursues a nearly straight course in the axis of the gland until it reaches the neck. 
Here it turns obliquely downwards, backwards, and to the right through the neck 
and head, gradually approaching the posterior surface of the latter. Near its 
termination it comes in contact with the left side of the common bile duct, which it 
accompanies to the second part of the duodenum. As it traverses the head of the 
pancreas it is joined by numerous branches, one of which coming from the lower 
part of the head is larger than the others. The bile and pancreatic ducts placed 
side by side, pass very obliquely through the muscular and areolar coats of the 
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intestine, and terminate, as alreadj described, on its internal surface, by a common 
orifice, situated near the junction of the second and third portions of the duodenum, 
between three and four inches below the pylorus. The pancreatic duct, with its 
branches, is readily distinguished within the glandular substance, by the very white 
appearance of its thin fibrous walls. Its widest part, near the duodenum, is from 
■xVth to ith of an inch in diameter, or nearly the size of an ordinary quill. It is 
lined by a remarkably thin and smooth membrane, which near the tennination of 
the duct may present a few scattered recesses. 

Varieties of panoreaji and its duote. — Symingfton (Jonrnal of Anatomy and Physiology, 
1885) described a case in which the upper part of the second portion of the duodenum was 
encircled by a rinp: of pancreatic tissue. A somewhat similar case has been recorded by 
Genersich (VerhandLx. Intemat. Med. Congress, 1890). The tail of the pancreas is sometimes 
bifid ; and the part of the head lying behind the mesenteric vessels may be separate from the 
remainder of the gland, and form what is called the lesser paficreas. 

Various examples of an accessory pancreas have been described. They occur most fre- 
quently in the waU of the upper part of the jejunum, mwe rarely in the wall of the stomach 
(see Zenker, Nehenpanereas in der Damiwundf Arch. f. path. Anat, Bd. xxi). 

Accessory duct, or ditct of Santorini, Occasionally the main duct gives off at the neck 
an accessory duct, which passes to the right and opens into the duodenum about an inch 
above the common opening of the bile and main pancreatic ducts. This accessory duct is 
occasionally found of large size, and evidently serving as the principal channel for the 
passage of the pancreatic secretion into the duodenum, the lower part of the duct of Wirsnsg 
being small. On the other hand the accessory duct may not open into the duodenum, bat 
terminate in the upper and right part of the head in small branches. In such cases its 
contents must pass from right to left, and be discharged into the duct of Wirsnng. 

Schirmer {Beit rag zur Geschichte und Anat. des Pancreas, Basel. 1893), has investigated 
the arrangement of the ducts of the pancreas in 105 specimens. In fifty-six of these the 
duct of Santorini arose from the main duct, and opened into the duodenum upon a papilla 
situated above the common orifice of the bile and pancreatic ducts. In nineteen the duct of 
Santorini, although well developed, did not open into the duodenum. In four there was 
only one pancreatic duct, and that the upper, the common bile-duct opening by itself lower 
down. In none of his specimens did he meet with an example of an arrangement described 
by Claude Bernard, in which there were two ducts running throughout the whole length of 
the gland. 

The variations of the pancreatic ducts are of interest in connection with the mode of 
development of the pancreas. From the observations of Zimmermann and Hamburger it 
appears that in the human subject the pancreas is formed from two distinct outgrowths from 
the wall of the duodenum. One of these, the smaller, is in close relation with the duodenal 
end of the common bile-duct ; the other, which is situated nearer the pylorus, is much larger, 
and forms the greater part of the pancreas. About the sixth week of embryonic life the two 
processes join, and their contained ducts subsequently communicate with one another. The 
portion of the upper duct on the duodenal side of the point of union grows less rapidly than 
the lower duct. It becomes the duct of Santorini, while the lower duct, with the peripheral 
portion of the upper one, forms the main channel for the pancreatic secretion, and is 
generaUy known in the adult as the main pancreatic duct, or canal of Wirsung. 

Stmoture. — The pancreas belongs to the class of acino-tubular glands. In its 
general characters it closely resembles the salivary glands, but it is somewhat looser 
and softer in its texture than those organs, the lobes and lobules being less compactly 
arranged. 

The ducts are lined with a simple layer of long columnar epithelium, the cells 
becoming shorter and more cubical in the smaller ducts. They do not exhibit any 
well-marked longitudinal striation like that met with in the duct-cells of some of the 
salivary glands. The ultimate branches of the ducts which are connected with the 
alveoli (intercalary dticts), are much narrowed, and are lined with flattened cells, 
looking spindle-shaped in optical section. The alveoli of the gland are distinctly 
tubular, and somewhat convoluted. In the inactive condition of the gland, and 
during the earlier stages of activity, the alveoli are almost completely occupied by 
the secreting cells, scarcely any lumen being visible. Moreover the middle of the 
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alveolas is in the dog aod some other animals occupied by spindle-shaped cells 
{eentro-acinar cells, fig. 165) which according to Langerhans are continuous with 
the epithelium-cells of the intercalary ducts. 

The secreting cells of tlie pancreas have a very characteristic appearance. They 
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Fig. 165.— Skction op hlmak pakcrkas. (Bohm and Davidoff.) ^^ 

frequently, if not constantly, contain, besides the ordinary nucleus, a paranucleus 
(Nebenkem), a sphericnl mass, staining more readily than the rest of the proto- 
plasm, and said to be formed by extrusion of material from the nucleus (Gaule, 
Nicolaides). In shape they are columnar, in some parts approaching the polygonal 
form, and they show very distinctly, even in the loaded condition of the gland, two 





A. B. 

Fig. 166. — An alveolus of the rabbit's pancreas. 

A., during rest, the cellB loaded with granules, and the inner zone, a, large, and the outer zone, 5, 
narrow. 

K, after activity, the inner zone small, and the outer zone large and distinctly striated. The cell 
outlines are also now visible, c, lumen of alveolus ; (/, baHem«nt membrane. (Kiihne and Lea.) 



parts or zones ; an inner granular zone next the lumen, and an outer clear and finely - 
striated zone next the basement membrane (figs. 105 and 1C6). 

When the gland is stimulated to activity the cells at first enlarge and bulge the 
basement membrane ; subsequently the granulei of the inner zone become fewer in 
number and aggregated near the lumen, and the outer clear zone extends over the 
greater part of the cell (Heidenhain, Kiihne and Lea (fig. 166)). It is stated by 
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Ogata that these zymogen granules are forme 1 from the piranuclens, but the state- 
ment requires confirmation. 

A 




Fig. 167.— OaioiN of this ducts op thk pancreas, as showx by thb cbromatb op silvkb 

METHOD. (E. Miiller.) 

A, duct cut longitudinally, lined by columnar epithelium giving off laterally the intercalary or 
lobular ductules, vu, to the alveoli, L The manner in which these commence within the alveoli is 
shown under a higher power in B. 

Vjirions observers, after forcing injections into the alveoli of the pancrens 
backwards from the duct, have seen fine intercellular canalicull, comparable to those 
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method (fig. 167, A), and with a high magnifying 
penetrating not only between the cells of the alveoli 
mdividual cells (fig. 167, B). 



Fig. 168. — Section op pavckkas op 

ARMADILLO, SHOWING 8EVKKAL 
ALVEOLI AND ONE OF THK INTER- 
ALVEOLAR CELL-ISLETS. (V. D. 

Harris. ) 
The alveolar cells are much more 
elongated here than in man and in 
most animals. 

of the liver, passing from 
the lumen of an alveolus 
between the secreting cells. 
These can also be shown by the 
use of Golgi silver chromate 
power, the caualiculi can be seen 
, but even into the interior of the 
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Gonneotive tissne ; interalveolav cell-inlets. — The connective tissue of the 
gland, after forming a sort of external investment, penetrates between its lobes or lobules 
conveying the blood-vessels to all parts. They are not, however, everywhere equally 
numerous, for some acini are not surrounded by the capillary network. On the 
other hand, in certain parts of the interalveolar tissue collections of small cells 
{interalveolar celUisUts^ figs. 165, 168) are met with, which are permeated with a very 
close network of large convoluted capillaries. The cells in question are like the cells 
met with in the carotid and coccygeal glands, but their meaning is entirely 
unknown. They are very characteristic of the pancreas, being apparently always 
present in it 

Blood-veasels, lymphatiosy and nerves. — The axteries of the pancreas 
are derived from the splenic and hepatic divisions of the cmliac axis^ and from the 
inferior pancreatico-duodenal branch of the superior mesenteric. Its veixis are 
tributaries of the splenic and superior mesenteric, and therefore belong to the portal 
system. The lymphatics pass to some of the neighbouring coeliac glands. Their 
arrangement within the pancreas is similar to that found in the salivary glands. 

The nerves are derived from the solar plexus, and accompany the arteries to the 
organ. They are almost exclusively non-medullated and have minute ganglia on 
them as they traverse the gland. Besides these ganglia, small cells, apparently of 
nervous nature, are found upon the nerves, near their distribution to the epithelium- 
cells of the alveoli, over and between which they ultimately ramify. 
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ORGANS OF RESPIRATION AND VOICE. 

By E. A. SCHAFER AND J. SYMINGTON. 



ThJj organs of respiration and voice comprise the larynx^ tracheay and bronchh 
and the lum/fi, with their serous investments, named the pletircB, 

The respiratory organs nre developed as a median outgrowth from the ventral 
wall of the fore-gut, and this primitive connection between the alimentary canal and 
the respiratory apparatus is maintained in the adult, the upper end of the air-passage 
opening on the anterior wall of the pharynx. Below, this median air-tube divides 
into two lateral branches, one for each lung, while its upper part is modified to 
form the organ of voice. In the majority of mammals the windpipe opens above 
into th0 nasal part of the pharynx, the anterior boundary of the orifice (the 
epiglottis) projecting upwards behind the soft palate. This is not the case, how- 
ever, in the human subject, either during intra-uterine or extra-uterine life. 

THE IiABYNX, OR ORGAN OP VOICE, 

The larsrnz is placed at the upper and fore part of the neck, where it forms a 
considerable prominence in the middle line. It lies between the large vessels of the 
neck, and below the tongue and hyoid bone. It is covered in front by the skin and 
cervical fascia along the middle line, and on each side also by the stemo-hyoid, 
stemo-thyroid, and thyro-hyoid muscles, by the upper end of the lateral lobe of the 
thyroid body, and by a small part of the inferior constrictor of the pharynx. 
Behind, it is separated from the 4th, 5th and 6th cervical vertebrae by the laryngeal 
part of the pharynx and the prevertebral muscles. Above, it opens into the cavity of 
the pharynx, and below, into that of the trachea. 

Its dimensions, according to Sappey, are, on an average of eight males and eight 
females, as follows : — 

Vertical diameter, measured from the upper border of the thyroid cartilage to the 
lower border of the cricoid, 44 mm. in the male and 86 in the female ; 

Transverse diameter , represented by the distance between the posterior borders of 
the thyroid cartilage, 48 mm. in the male and 41 in the female ; 

AnterO'posierior diameter, measured from the most prominent part of the anterior 
border of the thyroid cartilage to a line uniting its posterior borders, 36 mm. in the 
male and 26 in the female. 

The larynx consists of a framework of cartilages, articulated together, and 
connected by elastic membranes or ligamentis, two of which, projecting into the 
interior of the cavity, are named the true vocal cords, being more immediately 
concerned in the production of the voice. It possesses special muscles, which move 
the cartilages one upon another, and modify its form and the tension of its ligaments, 
and it is lined by a mucous membrane, continuous above with the mucous 
membrane of the pharynx and below with that of the trachea. 

OARTHiAaBB OF THB IjABYNZ. 

The cartilages of the larynx (figs. 160a, and 169b) consist of three single and 
symmetrical pieces, named respectively the thi/roid cartilage, the cricoid cartilage^ 
and the cartilage of the epiglottis, and of three pairs, namely, the two arytenoid 
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cartilageSy the comicula larynyis, and the cuneiform cartilages. In all there are nine 
distinct pieces, but the cornicula and cuneitbrm cartilages are Tery small. Only 
the thyroid and cricoid cartilages are visible on the front and sides of the larynx ; 
the back of the cncoid cartilage, surmounted by the arytenoid cartilages, and these 
again by the cornicula, are seen behind ; whilst the epiglottis is situated in front of, 
and the cuneiform cartilages on each side of, the upper opening. 

The thyroid cartilage, the largest, consists of two flat lateral plates, which are 
united in front nt the isthmus, and form an angle of about 90° with one another like 
the letter V, most prominent at the upper part. This angular projection is 
subcutaneous, and is much more marked in the male than in the female, 
being named in the former the pomum Adami, The two symmetrical halves, named 
the flf/flj, are somewhat quadrilateral in form. Of each half the anterior border 
is the shortest, the pomum Adami being surmounted by a deep thyroid notch (see 
fig. 169a). The free posterior border is thickened and vertical, and is prolonged 





Fig. 169a.— Fkoni yikw of the labykosal cabtilaoks amd lioaxents. (Sappej.) 

1, hyoidbone; 2, its large cornua ; 3, its small cornua : 4, thyroid cartilage; 5, thyro-hyoid 
membrane ; 6, lateral thyro-hyoid ligament, containing the cartUarfo trUicea, 7 ; 8, cricoid cartilage ; 
9, crico thyroid membrane ; 10, lateral crico-thyroid ligaments ; 11, uppermost ring of trachea. 

Fig. 169b. — Back tiew of the labtnqeal cabtilaoes and ligaments. (Sappey.) 
1, thyroid cartilage; 2, cricoid cai-tilage ; 3, arytenoid cartilages; 4, their muscular processes; 
5, a ligament better marked than usual, connecting the lower comu of the thyroid with the back of 
the cricoid cartilage ; 6, upper ring of the trachea ; 7, epiglottis ; 8, ligament connecting it to the 
angle of the thyroid cartilage. The cornicula are seen surmounting the arytenoid cartilages. 

upwards and downwards into two processes or cornua ; it gives attachment to the 
stylo-pharyngeus and palato-pharyngeus muscles. The upper and lower borders 
have each a well-marked concavity close to the cornu ; otherwise the upper is 
convex, and the lower nearly straight. The flattened external surface of each ala 
is marked by an indistinct oblique line or ridge (fig. 169a), which, commencing 
above at the posterior part of the superior border in a slight prominence called 
the superior tubercle, passes downwards and slightly forward, and ends at the lower 
border in an inferior tubercle, so as to mark off the anterior three-fourths of the sur- 
face from the remainder. This line gives attachment below to the ster no-thyroid, and 
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above to the thyro-hjoid muscle, whilst the small smooth surface behind it gives 
origin to part of the inferior constrictor of the pharynx, and aflTords attachment, by 
means of areolar tissue, to the thyroid body. On their internal surfaces the alas 
are smooth and slightly concave. Of the lour comua, all of which bend inwards, 
the two superior or great comua (fig. 1G9), pass upwards with sometimes » slight 
backward curve, and terminate each by a blunt extremity, which is connected, by 
means of the lateral thyro-hyoid ligament, to the tip of the corresponding great 
cornu of the hyoid bone (fig. 1G9a, 2). The inferior or smaller comua, which are 
somewhat thicker but shorter, are directed slightly forwards, and, on the inner 
aspect of the tip, show a smooth surface, for articulation with a prominence on 
the side of the cricoid cartilage. 

Oocasionallj there is a foramen in the ala of the thyroid oartilage situated near the upper 
part of ite posterior border ; an abnormal branch of the superior laryngeal artery passes 
through it. In the infant the isthmus of the thyroid cartilage differs from the two alie 
in being less opaque and more flexible. 

The cricoid cartilage (fig. 169a, 8), which is shaped like a signet ring, is thicker 
and stronger than the thyroid. It is deep behind (fig. 169b, 2), where it is expanded 
into a squarish plate or lamina, measuring in the male about an inch from above 
downwards ; but in front it forms a narrow ring or arch, with a vertical measure- 
ment of only one-fourth or one-fifth of an inch. Corresponding with this, the 
superior border, which is markedly elevated behind, descends with a deep concavity 
in front below the thyroid cartilage ; while the inferior border is horizontal, and 
connected by membrane to the first ring of the trachea. The posterior elevated part 
of the upper border is slightly depressed in the middle line, and on the sides of this 
depression are the elongated oval facets for articulation with the arytenoid 
cartilages. These facets are slightly convex, and they look outwards as well as 
upwards. The external surface of the cartilage is convex and smooth in front and 
at the sides, where it affords attachment to the crico-thyroid muscles, and behind 
these to the inferior constrictors of the pharynx ; in the middle line posteriorly is a 
slight vertical ridge to which some of the longitudinal fibres of the oesophagus are 
attached. On each side of this ridge is a broad depression occupied by the posterior 
crico-arytenoid muscle, outside which is a small flat, oval, and slightly raised surface 
for articulation with the inferior cornu of the thyroid cartilage. The internal 
surface is covered throughout by the mucous membrane of the larynx. At its lower 
border the cricoid is circular, but higher up the cartilage is somewhat compressed 
laterally, so that the passage through it is here elliptical. 

The arytenoid cartilages (fig. 169b, 3) are two in number, and symmetrical in 
form and position. They may be compared in shape to in'egnlar three-sided 
pyramids, and they rest by their bases on the posterior and highest part of the 
cricoid cartilage, while their somewhat curved apices approach one another. Each is 
about half an inch high and one quarter of an inch wide. Of the three faces the 
posterior is broad, triangular, and concave from above downwards, lodging part of 
the arytenoid muscle. The anterior, or external^ has a transverse ridge situated at 
about the junction of its lower and middle thirds ; above and below this the surface 
is concave. The false vocal cord is attached near the inner end of the ridge, and the 
thyro-arytenoideus is inserted into the depressions and outer part of the ridge. The 
internal surface, which is the narrowest of the three, and slightly convex, is nearly 
parallel with that of the opposite cartilage, and is covered by the laryngeal mucous 
membrane. The anterior and posterior borders, which limit the internal face, are 
nearly vertical, whilst the external border, which separates the anterior from the 
posterior surface, is oblique. 

The base of each arytenoid cartilage is slightly hollowed, having towards its outer 
part a smooth concave surface for articulation with the cricoid cartilage. Two of its 
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angles are remarkably prominent, viz., one external, Rhort, and rounded, which 
projects backwards and outwards, and into which the posterior and the lateral 
crico-arytenoid muscles are inserted (muscular process) ; the other anterior, which is 
more pointed, and forms a horizontal projection forwards, to which the corre- 
sponding true vocal cord is attached (vocal process). 

The apex curves backwards and a little inwards, and terminates in a blunt point, 
which is surmounted by the corniculum laryngis. 

A small cartlla?mou8 nodule (sesamoid cartilage) is sometimes found at the outer side of 
the arytenoid near the tip, embedded in the perichondrium. 

The eomicnla laryngis, or cartilages of Santorini, are two small yellowish 
cartilaginous nodules of a somewhat conical shape, whicri are articulated with the 
summits of the arytenoid cartilages (fig. ICOb), and serve, as it were, to prolong them 
backwards and inwards. They sometimes form part of the arytenoid cartilage?. 

The enneiform cartilages, or cartilages of Wrisberg, are two very small, 
soft, yellowish, cartilaginous bodies, placed, one on each side, in the fold of the 
mucous membrane which extends from the summit of the arytenoid cartilage to the 
epiglottis. They have a conical form, with the base directed upwards. They 
occasion small elevations of the mucous membrane, a little in advance of the 
cornicula, with which, however, they are not directly connected. 

These cartilages are verj frequently absent, especially in the white races of mankind, but 
according' to Gibb are always present in the neg^^. 

The epiglottis (iig. 169b, 7) is a median lamella of yellow cartilage, shaped 
somewhat like an obovate leaf, and covered by raucous membrane. It is placed in 
front of the superior opening of the larynx, projecting, in the ordinary condition, 
upwards immediately behind the base of the tongue. 

The cartilage of the epiglottis is broad and rounded at its upper free margin, but 
below it becomes pointed, and is prolonged by means of a long, narrow, elastic 
band (the thyro-epighttic ligament) to the deep angular depression between the alae 
of the thyroid cartilage, to which it is attached behind and below the median notch. 
Its lateral borders, which are convex and turned backwards, are only partly free, the 
lower parts being enveloped in the aryteno-epiglottic folds of mucous membrane. 
The anterior or lingual surface is free only in its upper part, where it is covered by 
mucous membrane. Lower down, the membrane is reflected from it forwards to the 
base of the tongue, forming three folds or fnenula, the middle and lateral glosso^ 
epiglottic folds. This surface is also connected below with the posterior surface of 
the hyoid bone by a median elastic structure named the kyo-epiglottic ligament. 
The posterior or laryngeal surface, which is free in the whole of its extent, is 
concavo-convex from above downwards, but concave from side to side ; the convexity 
projecting backwards into the larynx is named the tubercle or cushion. The 
epiglottis is closely covered by mucous membrane, on removing which the yellow 
cartilaginous lamella is seen to be pierced by numerous little pits and perforations, in 
which are lodged small glands, which open on the surface of the mucous membrane. 

Stmctnre of the cartilages of the larynx. — The epiglottis, the cornicula 
laryngis, and the cuneiform cartilages are composed of elastic or yellow fibro- 
cartilage, and have no tendency to ossify. The apices of the arytenoid 
cartilages are also formed of elastic fibro-cartilage, but the greater part of these, as 
well as the cricoid and thyroid cartilage, are composed of hyaline cartilage, 
resembling generally that of the costal cartilages, like which, they are very prone to 
ossificatiou as life advances. 

Peculiarities of the larynx according to age and sex. — In the fcetus 
the larynx is considerably higher in relation to the vertebral column than in the 
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adalt. Thus, in the sixth month of foetal life the npper end of the epiglottis 
is opposite the anterior arch of the atlas and the lower border of the cricoid 
cartilage, at the level of the middle of the body of the fourth cervical, the whole 
larynx being thus fully two vertebrse higher than in adult life. Until puberty the 
larynx gradually descends, by which time it has attained its adult position. This 
descent of the larynx is, therefore, independent of the special increase in size of the 
organ occurring at puberty, and appears to be associated with the growth in a vertical 
direction of the facial part of the skull, which is relatively very small in the foetus. 

Up to the age of puberty the larynx is similar in the male and female, the 
chief characteristics at that period being the small size and comparative slightness of 
the organ, and the smooth rounded form of the thyroid cartilage in front. In the 
female these conditions are permanent, excepting that a slight increase in size takes 
place. In the male, on the contrary, at the time of puberty, remarkable changes 
rapidly occur, and the larynx becomes more prominent and more perceptible at the 
upper part of the neck. Its cartilages become larger, thicker, and stronger, and the 
alse of the thyroid cartilage project forwards in front so as to form at their union 
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Fig. 170. — Views of thtroid, cricoid, and arttekoid ciRTiLAass partially ossified. Portioh 

OSSIFIED SHADED. (Chievitz.) 
The relative proportioDB of the three cartilages are not kept in this figure. 

A, thyroid cartilage, with inferior coma and adjacent part of ala ossified ; B, cricoid cartilage 
ossified at upper part : C, arytenoid almost completely ossified. 

with one another the prominent ridge of the pomum Adami, At the same time, the 
median notch on its upper border is considerably deepened. In consequence 
of these changes in the thyroid cartilage, the distance between its angle in front and 
the arytenoid cartilages behind becomes greater, and the vocal cords »re necessarily 
lengthened. Hence the dimensions of the glottis, which, at the time of puberty, 
undergo an increase of about one-third only in the female, are nearly doubled in the 
male, and the adult male larynx becomes altogether one-third larger than that of the 
female. 

Taguchi found that the average distance from the upper border of the thyroid 
cartilage to the low^er border of the cricoid, measured in the median plane, was in 
89 males 4'8 cm. and in 33 females 3-8 cm. 

OMlfioatlon of the oartllaffes of the larynx. — At about twenty years of age 
ossification usually begins in the thyroid and cricoid cartilages, and a few years later in the 
arytenoids. In the thyroid cartila]?e ossification takes place first near the inferior comu, and 
this is speedily followed by the appearance of a median nucleus in the angle between the 
alse ; from the lower oomu the ossification extends along the inferior and posterior borders, 
and thence spreads through the ala. The cricoid cartilage first becomes ossified at its upper 
border on each side, near the arytenoid and thyroid articular facets, and the bony masses of 
the two sides soon become united across the back of the ring ; the lower border remains 
oartUaginous for some time longer. The arytenoid cartilages become ossified from below 
upwards. The ossification begins somewhat earlier and proceeds more rapidly in the male 
than in the female (J. H. Ohievitz, Arch. f. Anat., 1882.) 
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The cricoid and the arytenoids are the most primitiye of the laryngeal cartilages, heing found 
in connection with the air-passages of certain of the amphibia, and also in the reptilia, while 
the thyroid and the epiglottis, at least in a well-developed condition, are peculiar to mammals. 
The thyroid cartilage represents the ventral remains of the skeleton of two pairs of visceral 
arches (4th and 5th), imited by a median plate. In the omithorhynchos these five parts of 
the thyroid can be recognized as distinct elements, but in the higher mammalia they are more 
or less blended. In man the two comua of each ala represent ununited parts of the two 
arches, while the peculiarities in appearance and structure of the isthmus as compared with 
the abe indicate the median portion uniting the arches. According to Dubois the epiglottis 
represents a chondrification in the submucosa of the glosso-laryngeal fold, the cartilages of 
Wrisberg being formed in a similar manner in the false cords. Gregenbaur maintains, how- 
ever, that the epiglottis is an independent element of the skeleton, derived from the sixth pair 
of visceral arches, and according to Goppert, the cartilages of Wrisberg are formed from the 
lateral processes of the primitive epiglottis. Small cartilaginous nodules are sometimes found 
behind or between the arytenoids, which are the rudiments of the pro-cricoids. 

JjIQAMXJXTB and joints of TBX IiARYNX 

The larynx is oonnected with the hyoid bone by a broad membrane, and at the 
sides of this by two round lateral ligaments. The thyro-hyoid membrane, or 
middle thyro-hyoid ligament (fig. 168^ 5), is a broad, fibrous, and somewhat 
elastic membrane, which passes up from the whole leugth of the superior border 
of the thyroid cartilage to the hyoid bone, where it is attached to the posterior and 
upper margin of the obliquely inclined inferior surface. Owing to this arrange- 
ment, the top of the larynx, when drawn upwards, is permitted to slip within the 
circumference of the hyoid bone, between which and the upper part of the thyroid 
cartilage there is found a small synoTlal bursa. The thyro-hyoid membrane is thick 
where subcataneous towards the middle line, but at the sides becomes thin and loose, 
and is covered by the thyro-hyoid muscles. Behind is the epiglottis, wtth the 
mucous membrane of the base of the tongue, separated, however, by adipose tissue 
and mucous glands. This ligament is perforated by the superior laryngeal artery 
and nerve of each side. The lateral thyro-hyoid ligaments (fig. 168, 6), placed 
at the posterior limits of the thyro-hyoid membrane, are two rounded yellowish 
cords, which pass up from the superior comua of the thyroid cartilage, to the 
extremities of the great comua of the hyoid bone. They are distinctly elastic, and 
there is frequently enclosed in each a small obloug cartilaginous nodule, which has 
been named cariUago triticea; sometimes this nodule is bony. 

The thyroid and cricoid cartilages are connected together by a membranous 
ligament and synovial articulations. The orieo-thyroid membrane (fig. 168, 9) is 
divisible into a median and two lateral portions. The median portion, broad below 
and narrow above, is a strong, triangular, yellowish ligament, consisting chiefly of 
elastic tissue, and is attached to the contiguous borders of the two cartilages. Its 
anterior surface is convex, is partly covered by the crico-thyroid muscles, and is 
crossed horizontally by a small anastomotic arterial arch, formed by the junction of 
the crico-thyroid branches of the right and lefc superior thyroid arteries. The 
lateral portions ai*e fixed on each side along the inner edge of the upper border of the 
cricoid, close under the mucous membrane ; they become much thinner above, where 
they are continuous with the inferior thyro-arytenoid ligaments. 

The crioo-thyroid artioulations, between the inferior comua of the thyroid 
cartilage and the sides of the cricoid, are two small but distinct joints, having each a 
ligamentous capsule and a synovial membrane. The prominent oval articular 
surfaces of the cricoid cartilage are directed- upwards and outwards, while those of 
the thyroid cartilage look in the opposite direction. The capsular fibres form 
a stout band behind the joint. The movement allowed is of a rotatory description, 
the axis of rotation passing transversely through the two joints. In addition, 
a slight gliding movement forwards and backwards may occur. 
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The superior thyro-arsrtenoid ligaments consist of a few slight fibrons 
fascicuh', contained within the folds of mucous membrane forming the false vocal 
cords hereafter to be described, and are fixed in front to the angle between the al» 
of the thjrroid cartilage, somewhat above its middle, and close to the attachment of 
the epiglottis ; behind, they are connected to the inner part of the ridges on the 
anterior surfaces of tlie arytenoid cartilages. -They are continuous above with 
scattered fibrous bundles contained in the aryteno-epiglottic folds. 

The inferior thyro-arytenoid ligaments are formed of fine closely arranged 
elastic fibres, which are attached in front to the middle of the angle between the ate 
of the thyroid cartilage, and behind to the anterior projection of the base of the 
arytenoid cartilages. The inner edge of each ligament is free and sharply defined 
between those attachments, and, covered by the mucous membrane, forms the true 
vocal cord of its own side. In other directions these ligaments are less sharply 
defined, for in their outer part they spread out both above and below as they pass 
baxjkwards. Above, the fibres of the ligament lie near the upper surface of the 
projecting fold of mucous membrane which bounds the rima glottidis, and become 
gradually merged into the elastic tissue of that membrane. Below, the inferior 
thyro-arytenoid ligament passes in continuity with the lateral crico-thyroid 
ligament, so that it may be described as an upward extension of this ligament, and 
the vocal cord may be stated to be formed by the superior free edge of the crico- 
thyroid membrane. 

The orico-arytenoid artionlations are surrounded by a series of thin capsular 
fibres, which, together with a loose synovial membrane, serve to connect the convex 
elliptical articular surfaces on the upper border of the cricoid cartilage with 
the concave articular depressions on the bases of the arytenoid cartilages. The 
articular surface on the arytenoid cartilage is longer from before back than from side 
to side ; so that its long axis crosses that of the corresponding surface on the 
cricoid, and a part of the latter surface is in every position of the arytenoid 
left uncovered (Henle). The movements allowed are of two kinds, viz. :— 1. a 
lateral gliding movement from within out or vice versa, the arytenoid cartilcge being 
bodily moved away from or towards its fellow ; 2. a rotating movement on a nearly 
vertical axis, the vocal processes being inclined inwards or outwards (as well as 
somewhat downwards or upwards). A combined rotating and gliding movement 
may also occur. The ordinary position of the arytenoid, when the larynx is at rest, 
is on the outer part of the articular surface on the cricoid. There is a strong 
orioo-arytenoid ligament, arising from the cricoid, and inserted into the inner 
and back part of the base of the arytenoid cartilage. 

The summits of the arytenoid cartilages and the comicula laryngis are 
sometimes united by a synovial joint, but most frequently by connective tissue 
forming a sort of syndesmosis. 

INTBRIOR OF TKBI liABYNZ. 

The cavity of the larynx is divided into an upper and a lower compartment by 
the comparatively narrow aperture of the glottis, or rima glottidis, the margins of 
which, in their anterior two-thirds, are formed by the lower or trve vocal cords ; and 
the whole laryngeal cavity, viewed in transverse vertical section (fig. 171) thus 
presents the appearance of an hour-glass. The upper compartment, often called 
the vestibule, communicates with the pharynx by the superior aperture of the 
larynx, and contains immediately above the rima glottidis the ventricles («), with 
their pouches or saccules («'), and the upper ov false vocal cords. The lower compart- 
ment passes inferiorly into the tube of the windpipe] without any marked con- 
striction or limitation between them. The whole of the interior of the larynx, is 
lined by mucous membrane. 
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The superior aperture of the larynx, when open, is triangular, wide in front 
and narrow behind, the lateral margins sloping obliquely downwards and backwards. 
It is bounded in front by the epiglottis (fig. 173, A, e, and fig. 174, a), behind by 
the summits of the arytenoid cartilages (fig. 173, B, a) and comicula (s), with the 
angular border of mucous membrane crossing the median space between them, and 
on the sides by two folds of mucous membrane, the arf/teno-epiffloitic foldsy which, 
enclosing a few ligamentous and muscular fibres and the cuneiform cartilages 





Fig. 171. — Ahterior half of a cobokal skction through the larvhx near its middle. 

(Allen Thomson.) 

I, apper division of the laryngeal cavity ; 2, central portion ; 3, lower division, continued into 4, 
trachea ; e, the free part of the epiglottis ; c', its cushion ; A, great coma of the hyoid bone ; 
ht, thyro-hyoid membrane ; t, thyroid cartilage ; <?, cricoid cartilage ; r, first ring of the trachea ; 
to, thyro-aryteuoid muscle ; vl, inferior thyro-arytenoid ligament in the membrane of the true vocal cord 
at the rima glottidis ; «, the ventricle ; above this, the superior or false cords ; a', the sacculus or 
pouch opened on the right side by carrying the section further forward. 

Fig. 172. — View of the interior of the right half of the larynx. (Sappey.) 

1, ventricle ; 2, superior, and 3, infeiior vocal cord ; 4, arytenoid cartilage covered by mucous 
membrane ; 5, arytenoid muscle cut across ; 6, slope of crico-thyroid membrane lea.ling up to inferior 
vocal cord ; 7, 8, sections of cricoid ; 9, its upper border ; 9\ its lower border ; 10, section of 
thyroid ; 11, upper part of larynx ; 12, 13, glandular prominence in ary. -epiglottic fold ; 14, 16, 
epiglottis ; 15, fat between it and the thyro-hyoid membrane ; 17, section of epiglottis ; 18, section of 
hyoid bone ; 19, 20, trachea. 

(fig. 173, B, w)y pass forwards from the tips of the arytenoid cartilages and cornicula 
to the lateral margins of the epiglottis (fig. 174, 8, 9, 10). 

In Btudyin^ the form of the laryngeal cavity and its apertures, it is well to become 
acquainted with the appearances which they present on examination during* life by means of 
the laryn{?oscope. and with the relations of those to the anatomical structure. On thus 
examining the superior aperture, there are seen on each side two rounded elevations 
(fig. 173, A. B, gy 10), correspondinjT respectively to the comicula and the cuneiform cartilages ; 
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while in the middle line in front there is a tumesconcd of the mucous membrane on the lower 
part of the epiglottis, named the tubercle or cushion of the epiglottu (<). 

When the superior aperture is closed during the act of deglutition, it presente, 
according to Anderson Stuart, a T-shaped fissure. The transverse limb of the 
T is slightly curved, with the convexity forwards, and is bounded in front by the 
epiglottis, and behind by the aryteno-epiglottic folds. The vertical limb of the 
T is represented by a median fissure, extending from the epiglottis in front to the 
interarytenoid fold behind, and bounded at the sides by the arytenoid cartilages. 

On looking down through the superior opening of the larynx, the glottis or rima 
glottidts (fig. 173, and fig. 174, c) is seen at some distance below, in the form of a 
long narrow fissure running from before backwards. It is situated on a level with 
the lower part of the arytenoid cartilages, and is bounded by the trtts vocal cords. 
Above the glottis another pair of projecting folds is seen, the superior or false 

Fig. 173. — Thrkr lartnooscopic views of 

THE 8UPKRI0R APBRTURB OF THI 
LARTNX AHD SURROUNDINO PARTS IN DIF- 
FKRBNT STATES OF THE OLOTTtS DUEIffO 

LIFE. (From Czermak.) 

A, the glottis daring the emission of a 
high note in sinjpng. B, in easy or quiet 
inhalation of air. G, in the state of widest 
possible dilatation, as in inhaling a very 
deep breath. The diagrams A', B\ C have 
been added to Czermak*B figui^es to show in 
horizontal sections of the glottis the position 
of the vocal ligaments and arytenoid car- 
tilages in the three several states represented 
in the other figures. In all the figures, so 
far as marked, the letters indicate the parts 
as follows, viz. : /, the base of the tongue ; 
e, the upper free part of the epiglottis ; e\ 
the tubercle or cushion of the epiglottis; 
p h, part of the anterior wall of the pharynx 
behind the larynx ; in the margin of the 
aryteno-epiglottidean fold tr, the swelling of 
the membrane caused by the cuneiform 
cartilage ; s, that of the comiculum ; a, 
the tip of the arytenoid cartilages ; e v, the 
true vocal cords or lips of the rima glottidis ; 
c V «, the superior or false vocal cords ; be- 
tween them the ventricle of the larynx ; 
in C, t r is placed on the anterior wall of the 
receding ti'achea, and 6 indicates the com- 
mencement of the two bronchi beyond the 
bifurcation, which may be brought into view in this state of extreme dilatition. 

vocal cords, which arc much less projecting than the inferior. Between the superior 
and inferior vocal cords the sinus or ventricle is seen as an elongated depression 
(fig. 174, h'). 

The superior vocal corcUi or ventricular bands, also called the false vocal 
cords, because they are not immediately concerned in the production of the voice, 
are prominent rounded folds of mucous membrane enclosing very numerous glands 
which form somewhat arched projections, immediately above the corresponding 
ventricle (fig. 174, b). The latter is seen on looking down into the laryngeal cavity, 
the superior vocal cords (fig. 173, cvs,) being further apart than the inferior (cv). 

Wylie showed (Edin. Med. Journal, 1866) that when the false vocal cords are simply 
approximated and air is injected into the larjnx from below^ they prevent the exit of the air, 
and he held that the closure of the glottis in defaacation and vomiting is mainly effected by 
the apposition of the false cords. His experiments have been confirmed by Bninton and 
Gash. 




VOCAL CORDS. 



155 



The inferior or tme vocal cordu,. the structures by the vibration of which the 
sonnds of the voice are produced, bound the anterior two-thirds of the aperture 



Fig. 174. — PXRSPSCTITB VIEW 07 THl PHARTNGEAL 
OPKKIVG INTO THE LARYNX FROM ABOVE AND 

BEHIND. (AUen Thomson.) 

The superior aperture has been much dilated ; the 
glottis is in a moderately dilated condition ; the wall of 
the pharynx is opened from behind and turned to the 
sides. 1, body of the hyoid bone ; 2, small cornua ; 3, 
great cornua ; 4, cornua of the thyroid cartilage ; 5, 
membrane of the pharynx covering the posterior surface 
of the cricoid cartilage ; 6, gullet ; 7, trachea ; 8, pro- 
jection caused by the cartilage of Santorini ; 9, the 
same belonging to the cartilage of Wrisberg ; 10, 
aryteno-epiglottic fold ; 11, cut margin of the wall 
of the pharynx ; a, free part of the epiglottis ; a\ its 
lower pointed part ; a'\ the cushion ; 6, eminence on 
each side over the sacculus or pouch of the larynx ; b', 
the ventricles ; c, the glottis ; the lines on each side 
point to the vocal cords. 

of the glottis, corresponding with the thyro- 
arytenoid ligaments (fig. 1 74, c) . The mucous 
membrane covering them is so thin and 
closely adherent as to show the yellowish 
colour of the ligaments through it. They are 
situated at the inner and free edge of a mass 
of tissue tviaognlar on coronal section (fig. 
171). One surface of this mass looks up- 
wards, and forms the floor of the ventricle, 
another looks downwards and inwards, and 
bounds the lower division of the laryngeal cavity, while the third is external. 

A small nodule of elastic cartilage {cartiluge of Luschka) is found in the anterior 
and inferior part of the vocal cord (Klein) (fig. 177, c). 

Taguchi gives the following data for the determination of the position of 






-Anterior aspect op thyroid cartilage to show points opposite which the true 

AND FALSE VOCAL CORDS ARE ATTACHED. (TagUChi.) 

0, bottom of thyroid notch ; o and d^ opposite attachment of false vocal coixis ; &, opposite attach- 
ment of true vocal cords. 

Fig. 176. — Horizontal section op the lartnx and laryngeal part op pharynx. (J. S.) \ 

1, thyroid cartilage ; 2, thyro-arytenoid muscle; 3, lateral crico-arytenoid muscle; 4, arytenoid 
cartibige ; 6, rima glottidis ; 6, arytenoid muscle ; 7, cavity of laryngeal part of pbirynx j 8, inferior 
oonstrictor of pharynx. 
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the trae and false vocal cords in the nndissected body. The true vocal cords are 
attached to the thyroid cartilage, close to one another, in the male 8*5 mm. and in 
the female 6*5 below the bottom of the median notch on the upper border of 
the thyroid cartilage. The false vocal cords are 4 mm. apart at their anterior 
attachment, and 2*5 mm. higher than the trac cords (see fig. 175). 

The rima glottidis, an elongated aperture, situated, anteriorly, between the 
inferior or true vocal cords (pars vocalis)^ and, posteriorly, between the bases of the 
arytenoid cartilages {pars respiraioria), forms a long narrow slit, slightly wider in 
the centre when nearly closed, as in the production of the voice, and opening 
out to a triangular form in the pars respiratoria (fig. 173, A'). When moderately 
open, as in easy respiration, its shape is that of a long triangle, the pointed 
extremity being directed forwards, and the base being behind, between the arytenoid 
cartilages (fig. 173, b') ; in its fully dilated condition it is lozenge-shaped (the 
posterior sides being formed by the inner sides of the bases of the arytenoid 
cartilages), while the posterior angle is truncated (c'). The rima glottidis is 
the narrowest part of the interior of the larynx ; in the adult male it measures about 
23 mm., or nearly an inch, in an antero-posterior direction, and 6 or 8 mm. across at 
its widest part, which may be dilati».d to nearly 12 mm. In the female, and 
in males before the age of puberty, its dimensions are less, its antero-posterior 
diameter being about 17 mm., and its transverse diameter about 4 mm. The vocal 
cords are about 15 mm. long in the adult male and 11 mm. in the female. 

The ventricles or simuieB of the larynx (fig. 171, s, and fig. 174, b') are 
narrower at their orifice than in their interior. The outer surface of each is 
covered by the upper fibres of the corresponding thyro-arytenoid muscle. 

The small recesses named the laryngeal pouches (fig. 171, s'), lead from the 
anterior part of the ventricles upwards, for the space of half an inch, between the 
superior vocal cords inside and the thyroid cartilage outside, reaching as high as the 
up|)er border of that cartilage, and nearly to the level of the aryteno-epiglottio 
folds. The pouch, which is of variable size, is conical in shape, and curved slightly 
backwards. Its opening into the ventricle is narrow, and is generally marked by 
two folds of the lining mucous membrane. Numerous small mucous glands, sixty or 
seventy in number, open into its interior, and it is surrounded by a quantity of fat. 
Externally to the fat, this little pouch receives a fibrous investment, which is 
continuous below with the superior vocal cord. Over its laryngeal side and upper 
end is a thin layer of muscular fibres (compressor sacculi laryngis^ aryictm- 
eptglottideus in/ertor, Hilton) connected above with those found in the aryteno- 
epiglottic folds. The upper fibres of the thyro-arytenoid muscles pass over the 
outer side of the pouch, a few being attached to its lower part. The laryngeal 
pouch is supplied abundantly with nerves, derived from the superior laryngeal. 

THX MnCOUS MBMBBANa AMD yXB8XI<B OF THX ZiABYNZ. 

The laryngeal mucoiui membrane is thin and of a pale colour. In some 
situations it adheres intimately to the subjacent parts, especially on the epiglottis, 
and still more in passing over the true vocal cords, on which it is very thin and most 
closely adherent. About the upper part of the larynx, above the glottis, it is 
extremely sensitive. In and near the aryteno-epiglottic folds it covers a quantity 
of loose areolar tissue, which is liable in disease to infiltration, constituting oedema 
of the glottis. Like the mucous membrane in the rest of the air-passages, that of 
the larynx is covered in the greater part of its extent with a columnar ciliated 
epithelium, by the vibratory action of which the mucus is urged upwards. The 
cilia are found higher up in front than on each side and behind, reaching in the 
former direction as high as the widest portion of the epiglottis, and in the other 
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directions only to a line or two above the superior vocal cords : above these points 
the epithelium loses its cilia, and assumes a stratified squamous form, like that of 
the pharynx and mouth. Upon the true vocal cords also the epithelium is 
squamous, although both above and below them it is columnar and ciliated. Patches 
of stratified squamous epithelium are found also dotted here and there in the ciliated 
tract above the glottis, especially on the under (posterior) surface of the epiglottis, the 
inner surface of the arytenoid cartilages, and at the free border of the superior vocal 
cord. Bodies which are to all appearance similar to the taste-buds which occur in 
connection with the mucous membrane of the tongue (Vol. III., Pt. 3) are here and 
there found imbedded in this stratified epithelium (but not over the vocal cords). 

The lining membrane of the larynx is provided with numerous glands, which 
secrete an abundant mucus, and the orifices of which may be seen almost everywhere 
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Fig. 177.— Vkrtical sbction through thk ventricle of thb larynx of a child. (Klein.) 
a, stratified epithelium over true vocal cord ; 6, ciliated epithelium over false vocal cord ; c, nodule 
of elastic cartilage (cartilage of Luschka) ; d^ ventricle ; l, lymphoid tissue ; nt, bundles of thyro- 
arytenoid muscle, cut across. 

Fig. 178.— Posterior view of the nerves of the larynx. (Sappey.) 
1 , superior laryngeal nerve ; 2, its external branch ; .3, 4, 5, branches to the mucous membrane of 
the larynx ; 6, filaments uniting the left superior and inferior laryngeal nerves ; 7, the same on the 
right side, cut ; 8, 8. inferior laryngeal nerves ; 9, branch to the posterior crico-arytenoid musjles ; 
10, branch to the arytenoid ; 11, 12, branches passing to the Uteral crico-arytenoid and the thyro- 
arytenoid muscles. 

excepting upon and near the true vocal cords. They abound particularly upon the 
epiglottis, in the substance of which are found upwards of fifty small compound glands, 
some of them perfomting the cartilage. Between the anterior surface of the epiglottis, 
the hyoid bone, and the root of the tongue is a mass of yellowish fat, erroneously 
named the epiglottic gland, in or upon which some small glands may exist. Another 
collection of glands is placed within the fold of mucous membrane in front of each 
arytenoid cartilage, from which a series may be traced forwards, along the corre- 
sponding superior vocal cord. The glands of the laryngeal pouches have already 
been noticed. 

Vessels and Verves of the Larynx.— The arteries of the larynx are derived 
from the superior thyroid, a branch of the external carotid, and from the inferior 
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ihyroidy a branch of the subclavian. The veins join the superioTy middle, nnd 
mferwT thyroid veins. The Isrmpliatics are divisible into two sets, upper and lower. 
The upper pierce the thyro-hyoid membrane and join glands near the bifurcation 
of the common carotid artery ; the lower pass through the crico-thyroid membrane, 
and end either in one or two small glands often found in front of that membrane, 
or in some inferior laryngeal glands at the side of the lower part of the 
larynx. Their mode of distribution resembles that in the trachea. The nerrrea 
are supplied from the superior laryngeal and inferior or recurrent laryngeal branches 
of the pneumo-gastric nerves, joined by branches of the sympathetic. The superior 
laryngeal nerves supply the mucous membrane and the crico-thyroid muscles, and 
also, in part, the arytenoid muscle. The inferior laryngeal nerves supply, in part, 
the arytenoid muscle, and all the other muscles, excepting the crico-thyroid. 

The superior and inferior laryngeal nerves of each side communicate with each 
other in two places, viz., at the back of the larynx, beneath the pharyngeal mucous 
membrane, and on the side of the larynx, under the ala of the thyroid cartilage. 
Numerous ganglion-cells are found on the branches, both on those which enter the 




Fig. 179. — Intraepithelial nerte-te ruinations in the larynx. ((J. Retzius.) 

Silver-chroroate preparation. 
The section is taken at a place where the ciliated epithelium passes into stratified. 

muscles, and also underneath the mucous membrane. End-bulbs are also described 
in the mucous membrane which covers the posterior or laryngeal surface of the 
epiglottis (Lindemann). Other nerve-bundles enter the epithelium, within which 
they end in arborisations of fine fibrils (fig. 179). 

The further details of the distribution of the vessels and lymphatics will be 
found in Vol. II., Pt. 2, and of the nerves in Vol. III., Pt. 2. 



MUBOIJBS OF THB LARYNX. 

Besides certain extrinsic muscles elsewhere described — viz., the stemo-hyoid, 
omo-hyoid, sterno-thyroid, and thyro-hyoid muscles, together with the muscles 
of the supra-hyoid region, the middle and inferior constrictors of the pharynx, and 
the stylo-pharyngeus and palato-pharyngeus, all of which act more or less upon the 
entire larynx — there are other muscles which move the different cartilages upon one 
another, and modify the size of the apertures and the state of tension of the vocal 
cords. These intrinsic muscles are the crko-thyroid, the posterior crico-arytenoid, 
the latei'ttl crico-arytenoid, the fhyro-arytenoid, the arytenoid^ and the aryteno* 
epiglottic, together with certain other slender muscular fasciculi. All these muscles, 
except the arytenoid which crosses the middle line, are in pairs. 

The crico-thyroid mascle (fig. ISO, A, 14) is a short, thick, triangular muscle 
seen on the front of the larynx. Its attachment below, to the cricoid cartilage, 
extends from the median line a considerable way backwards, and its fibres passing 
upwards and outwards, diverging slightly, are fixed above to the inferior border of 
the thyroid cartilage, and to the anterior border of its lower cornu. The latter 
portion of the muscle, the fibres of which are nearly horizontal, is usually distinct 
from the rest. Some of the superficial fibres are almost always continuous with the 
inferior constrictor of the pharynx. The muscles of the two sides are somewhat 
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separate from one another in the middle line in front, leaving an interval which is 
triangular, with the base upwards. The crico-thyroid membrane is here exposed. 

Action. — The anterior part of the mnscle contractin^r will approximate the cricoid and 
thyroid cartilages in front. In this action the thyroid is fixed by the extrinsic muscles, and 
the anterior part of the cricoid rotating* on the axis which nnites the articulations between 
the cricoid and the lower comua of the thyroid is drawn upwards, and the part behind 
the crico-thyroid joints is depressed, and with it the arjrtenoid cartilages, so that the vocal 
cords are thus put on the stretch. This stretching of the vocal cords is still further assisted 
by the action of the oblique fibres, which, acting from the cornu of the fixed thyroid, draw 
the cricoid cartilage backwards. It is found, also, that with electric excitation of this muscle 
the anterior part of the cricoid is raised towards the thyroid. Paralysis of these muscles is 
accompanied by inability to produce high tones of the voice. 

The posterior crico-arytanoid mnscle (fig. 180, B, 1), situated behind, arises 
from the broad depression on the corresponding half of the posterior surface of the 
cricoid cartilage, and its fibres, converging upwards and outwards, are inserted into 





Fig. 180. — MuscLKS OP THB LARTHX. (Sappey.) 
A, as showu in a view of the larynx from the right side. 
1, hyoid bone ; 2, 3, its cornua ; 4, right ala of thyroid cartilage; 5, posterior part of the same 
separated by oblique line from anterior part ; 6, 7, superior and inferior tubercles at ends of oblique 
line ; 8, upper cornu of thyroid : 9, thyro-hyoid ligament ; 10, cartiiago triticea ; 11, lower cornu of 
thyroid, articulating with the cricoid ; 12, anterior i^art of cricoid ; 13, crico-thyroid membrane ; 
14, crico-thyroid muscle ; 15, posterior crico -arytenoid muscle, partly hidden by thyroid cartilage. 

B, as seen in a view of the larynx from behind. 
1, posterior crico-arytenoid ; 2, arytenoid muscle ; 3, 4, oblique fibres passing around the edge of the 
arytenoid cartihige to join the thyro-arytenoid, and to form the aryteno-epiglottic, 5. 

the outer angle of the base of the arytenoid cartilage, behind the attachment of the 
lateral crico-arytenoid muscle. The upper fibres are short, and almost horizontal ; 
the middle are the longest and run obliquely ; whilst the lower or external fibres are 
nearly vertical. Near their insertion the upper fibres are blended with the lower 
fibres of the arytenoideus. 

Action. — The posterior crico-arytenoid muscles draw the outer angles of the arytenoid carti- 
lages backwards and inwards, and thus rotate the anterior or vocal processes outwards, and widen 
the rima glottidis. Acting with the lateral crico-arytenoid muscles, they approximate the 
vocal cords (Kanthack). They may also ^w the arytenoid cartilages apart. They come into 
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action daring deep iospiration. If paralysed, the lips of the glottis approach the middle line, 
and come in contact during each inspiration, so that severe dyspnoea may be produced. 
Expiratory efforts, however, are not impeded, and vocalization is unaffected. 

Variety. — In connection with the posterior crico-arytenoid muscle may be mentioned an 
occasional small slip in contact with its lower border, viz., the kerato-cricoid muscle 
of Merkel. It is a short and slender bundle, arising from the cricoid cartilage near its lower 
border, a little behind the inferior comu of the thyroid cartilage, and passing obliquely 
outwards and upwards to be inserted into that process. It usually exists on one side only. 
Turner found it in seven out of thirty-two bodies. It is not known to be of any physiological 
significance. (Merkel, Anat. und Phys. des menschl. Stimm-und Sprach-organs, Leipzig, 1 857 ; 
Turner in Month. Med. Journal, Feb. 1860.) 

The lateral crico-arjrtenoid miiBcle (fig. 182, cr.arMt\ smaller than the 
posterior, is in a great measure hidden by the ala of the thyroid cartilage It lies 
along the sloping upper border of the -^ 

cricoid cartilage, from which it arises, 
its origin extending as far back as the 
articular surface for the arytenoid. Its , j ^'^SSK^^'WEMx-k 
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Fig. 181. — OdTLINK op the right half of THB CARTILAOKS of THB larynx as SEKN from THl 
INSIDE, WITH THB THYRO-ARYTENOID LIQAMBNT, TO ILLUSTRATE THB ACTION OF THB CRICO-THTROID 

MUSCLE. (Allen Thomson. ) 
tt thyroid cartilage ; c, cricoid cartilage ; a, right arytenoid cartilage ; a\ its vocal process ; 
9f comiculum ; c r, the tliyro-arytenoid ligament ; the position of the lower comu of the thyroid 
cartiliige on the outside of the cricoid is indicated by a dotted outline, and r indicates the point or axis 
of rotation of the cricoid cartilage on the comu of the thyroid ; c t h, a line in the principal direction of 
action of the crico-thyroid muscle ; c a p^ the same of the posterior crico-arytenoid muscle. 

Fig. 182. — Side yibw of the larynx after removal of the riqht ala of the thyroid caktilaob. 

(S. G. Shattock.) 
A, body of hyoid bone, cut ; e, epiglottis ; th^ cut surface of right ala of thyroid cartilage ; cr^ front 
of cricoid cartilage, the articular facet for the inferior cornu of the thyroid is seen posteriorly ; th.ar, 
th.ary fibres of the thyro-arytenoid (outer portion) passing from the thyroid in front to the arytenoid 
behind ; th.ar\ others arising from the crico-thyroid membrane ; another considerable mass of fibres is 
seen aiising from the same parts, and passing at first obliquely and afterwards nearly vertically upwards 
as the th3rro>epiglottic muEclcs, th.ep, ; th.ar.m, small thyro-arytenoid ; th,ar.m\ a small slip of the 
same muscle passing into the false yc>cal cord ; cr.ar.lat, lateral crico-arytenoid'; er.ar.pt posterior 
crico-arytenoid ; r.ar.tp, right aryteno-epiglottic muscle near its origin ; l.ar.ep^ left aiyteno- 
epiglottic near its insertion ; f.ar.€p\ portion of the same inserted into the comiculum ; /, fat ; 
«, saccule covered by mucous glands. 

fibres pass backwards and upwards, the anterior or upper ones being necessarily 
the longest, and are attached to the muscular process of the arytenoid cartilage 
and to the adjacent part of its anterior surface. 
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This mnecle is covered internally by the lateral part of the crico-thyroid 
membrane, and externally at its anterior part by the upper part of the crico-thyroid 
mnscle. The upper part is in close contact, and, indeed, is always more or 
less blended with the thyro-arytenoid, and a few of its fibres are continuous round 
the onter side of the arytenoid cartilage with the arytenoideus mnscle. 

Action. — These muscles, drawing the muscular processes of the arytenoids forwards and 
downwards, rotate the vocal processes inwards, and approidmate the vocal cords. They thus 
act antagonistically to the posterior orico-arytenoids. 

If both posterior and lateral crico-arytenoids be thrown into action simultaneously, the 
arytenoids will not undergo rotation, but will be drawn inwards, and the glottis will thus be 
narrowed. 

The tliyro-arytenoid muscle consists of two portions, one external situated 
immediately within the ala of the thyroid cartilage, and one internal lying in close 
contact with the vocal cord. Sometimes these are described as distinct muscles 
under the names external and internal thyro-arytenoid (Henle), but the separation 
between them has to be effected by artificial means. The inner portion of the 
muscle is triangular in section corresponding with the vocal fold which it occupies ; 
the outer is laterally compressed and extends both above and below the inner 
portion. £ach contains both antero-posterior and oblique fibres. 

Inner portion. — The antero-posterior fibres of the internal portion arise 
in the lower half of the angle formed by the alas of the thyroid cartilage, 
a few even from a nodule of firmer tissue (cartilage of Luschka) in the 
anterior part of tbe vocal coixL itself ; and, passing backwards in a slight curve 
with the concavity inwards, are attached behind to the vocal process along 
its whole length, and to the adjacent part of the outer surface of the arytenoid 
cartilage. They are joined internally by short fibres, which are attached in front to 
the vocal cord, and behind to the vocal process of the arytenoid (poriio an/'Vocalis 
of Ludwig) ; and externally they are contiguous with the antero-posterior fibres of 
the external portion. The oblique fibres of the internal portion pass from the 
sloping portion of the crico-thyroid membrane below the vocal cord proper (in its 
anterior third), upwards, outwards, and somewhat backwards, passing between the 
antero-posterior fibres, and over the ventricle of Morgagni, to end in the tissue of the 
false vocal fold. 

Outer portion (fig. 182). — The fibres of the external portion arise in front from 
tbe thyroid cartilage, close to the origin of the internal portion, and from the 
crico-thyroid membrane ; from here they in part pass backwards to be inserted into 
the lateral border and muscular process of the arytenoid cartilage, in part 
obliquely upwards towards the aryteno-epiglottidean fold, some which are more 
vertical in direction passing in a thin layer around the ventricle of Morgagni and 
the sacculus, to end in the false vocal fold. The portion of this muscle which 
extends towards the epiglottis is oilen described as a separate muscle under the name 
of thyro-epiglottidean (fig. 182, th.ep). It resembles the crico-arytenoideus 
lateralis in having some of its fibres continuous with those of the arytenoideus. 

Action. — The bundles of the thyro-arytenoid muscle, differing as they do in direction and 
in points of attachment, must differ also in their action, if separately called into play. The 
antero-posterior fibres will tend to draw forwards the arytenoid, and with it the i>osterior part 
of the cricoid cartilage, rotating the latter upwards, and antagonising the action of the 
crico-thyroid, the effect being to relax the vocal cords. But if the latter be kept stretched 
and approximated by the action of other muscles, those fibres of the inner portion which are in 
close contact with the vocal cord may serve to modify its elasticity and consistence, while the 
fibres which constitute the portio ary-vocalis may serve, as Ludwig has pointed out, to tighten 
the parts of the cord in front of their attachment, and to slacken the parts behind. The 
vertical fibres of the muscle which extend from the sloping part of the crico-thyroid 
membrane across the base of the vocal fold, and over the ventricle into the false vocal cord, 
must, when they contract, render the free edge more prominent. Finally, the fibres which 
ore inserted into the muscular process and outer surface of the arytenoid will tend to draw 
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forwards and rotate inwards the arytenoid cartilage, and those which pass ap into the 
arTteno-epijirlottidean folds may assist in depressing the epiglottis. 

If the thyro-arytenoid muscles are ^ralysed, the lips of the glottis are no longer parallel, 
bat are curved with the concavity towards one another, and a much stronger blast of air is 
required for the production of the voice. 

Santorini described three thyro-orytenoid muscles, an inferior, a middle^ and a svperior. 
The latter is not always present. The inferior thyro-arytenoid muscle of Santorini comprises 
most of the antero-posterior bundles ; the middle thyro-arytenoid, the oblique bundles of the 
external portion. The fibres of the superior fasciculus, when present, arise nearest to 
the notch of the thyroid cartilage, and are attached to the upper base of the arytenoid 
cartilage (fig. 182, thjtr.mS), This is named by Soemmering the imall thyro-arytenoid, whilst 
the two other portions of the muscle constitute the great thyro-arytenoid of that author. 

Axytenoidexui miuicle. — When the mucons membrane is removed from the 
back of the arytenoid cartilages, a thick band of transverse fibres is laid bare 
(fig. 180, B, 2), and on the dorsal surface of this are seen two slender decussating 
oblique bundles (3, 4). 

The transverse and oblique fibres are often described as separate muscles 
(arytenoid and aryteno-epiglottic), but the two sets of fibres are intimately blended. 
Most of the anterior or ventral fibres pass straight across between the arytenoid 
cartilages, and are attached to about the outer half of the concave surface on the 
back of each. The dorsal fibres can be traced into the lateral walls of the larynx, 
the uppermost fibres to the cartilages of Santorini, the intermediate fibres run 
partly independently and partly with the uppermost fibres of the thyro-arytenoidei 
into the inner and outer walls of the saccules of the larynx, forming the so-called 
aryteno-epiglottidean muscles, and the lowest fibres blend at the level of the true 
vocal cords with the thyro-arytenoid and lateral crico-arytenoid muscles. 

Aefwn. —The arytenoid muscle draws the arytenoid cartilages together, and, from the 
structure of the crico-arytenoid joints, this approximation, when complete, is necessarily 
accompanied with depression. If the muscle is paralysed, the intercartilaginous part of the 
glottis remains patent, although the membranous lips can still be approximated. 

The superior aperture of the larynx has been generally supposed to be closed during 
the act of deglutition by the descent of the upper free end of the epiglottis as a lid over the 
opening. From observations made by Stuart and McCormack {The jnmtum of the ejnglotth in 
mmlloiving, Jour. Anat. and Phys., vol. xxvi.), it has been shown that this is not the case, the 
epiglottis projecting upwards in close contact with the base of the tongue. According 
to Stuart (On the mechanism of the closure of the larynx, Proc. Roy. Soc. London, 1892), it is 
effected by the two arytenoid cartilages being drawn together and also forwards, so that their 
upper ends are brought in contact with the posterior surface of the epiglottis. These 
movements of the arjrtenoid cartilages are produced by the contraction of tlie arytenoid and 
thyro-arytenoid muscles. 

It is remarked by Henle that the muscles " which lie in the space enclosed by the lamin» 
of the thyroid cartilage, and above the cricoid, may be regarded in their totality as a kiud of 
sphincter, such as is found in its simplest form embracing the entrance of the larynx in 
reptiles." In the human larynx there is a marked predominance of adductor over abductor 
fibres (acting upon the vocal cords). 

THE TRACHEA ASTD BBONCHI. 

The trachea is that part of the conmion air passage of both lungs, which com- 
mences above at the larynx and divides below into two smaller tubes, right and left 
bronchi, one for each lung. 

The trachea has a median position in the neck and thorax, and extends from the 
lower border of the cricoid cartilage of the larynx, on a level with the lower part 
of the sixth or upper part of the seventh cervical vertebra, into the upper part of the 
thorax, where it is crossed in front and on the left side by the arch of the aorta and 
then bifurcates into the two bronchi at about the level of the disc between the fourth 
and fifth dorsal vertebrae. It usually measures from 4 in. to 4J in. (10 to 11 cm.) 
in length, and from | in. to 1 in. (2 to 2J cm.) in width ; but its length varies 
according to the position of the neck. It is usually stated on the authority of Aeby 
that the trachea gradually increases in calibre from above downwards, but according 
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to Braune and Stahel it preseats a series of alternate dilatations and contractions. 
Thus it is smallest at its commencement ; from this point it gradually increases 
until about midway between its two ends, from here it diminishes to within about 
3 cm. of its bifurcation towards which it again enlarges. Its average diameter is 

Fig. 183. — Horizontal section of trachea, (bsopha- 

OirS, AND THYROID BODY. (J. S. ) { 

If oesophagas ; 2, cavity of trachea ; 3, cartilaginous 
ring of trachea ; 4, thyroid body ; 5, inferior thyroid 
artery ; 6, recurrent laryngeal nerve. 

greater in the male than in the female. As 

the trachea passes obliquely downwards and 

somewhat backwards it gradually recedes 

from the anterior surface of the neck in its 

course towards the thorax. If the face be 

directed forwards the distance from the upper end of tlie trachoji to the top of the 

sternum is about 2 to 3 in., and this is increased by fully an inch when the head is 

thrown back. In front and at the sides the trachea is rendered cylindrical, firm. 




Fig. 184. — Outline showing the general form of the 

LARYNX, TRACHEA, AND BRONCHI, AS SEEN FROM 

BEFORE. (Allen Tliomson.) ^ 

A, the great comu of the hyoid hone ; e, epiglottis ; 
t, superior, and t', inferior comu of the thyroid cartilage ; 
e, middle of the cricoid cartilage ; t r, the trachea, showing 
sixteen cartilaginous rings ; 6, the right, and b\ the left 
bronchus. In this and also in the succeeding figure the 
right bronchus is represented as somewhat more horizontal 
than is usually described (see p. 164). 

and resistant, by a series of cartilaginous rings ; 
these, however, are deficient behind, so that the 
posterior portion is flattened and entirely mem- 
branous (fig. 183). Near its bifurcation the 
trachea is somewhat expanded laterally. 

PeCULIAHITIES ACCOEDINa TO AGE. — In the 
foetus the trachea is flattened before and behind, its 
anterior sorfaoe being even somewhat depressed ; the 
ends of the cartilages touch ; and the sides of the 
tube, which now contains only mucus, are applied to 
one another. The effect of respiration is at first to 
render the trachea open, but it still remains somewhat 
flattened in front, and only later becomes convex. In 
consequence of the hi^h position of the larynx in the 
infant the cervical part of the trachea is relatively 
longer at this period of life than in the adult, but 
this increase in leng'th is somewhat diminished by a 
higher position of the manubrium sterni. The point 
of bifurcation of the trachea is generally about a 
vertebra higher at birth than in the adult. In an 
Infant six months old the trachea will admit a tube 
4 mm. in diameter ; at two years one of 5 mm. ; and 
at six years one of 6 or 7 mm. Ossification of its car- 
tilaginous riuifs usually commences in the male at 
about forty years of age, and in the female about sixty 
(Chievitz). 

Selations of the trachea to neighbouring parbs. — The windpipe is nearly 
everywhere invested by a loose areolar tissue, abounding in elastic fibres, and is very 
moveable on the surrounding parts. Both in the neck and thorax, it rests behind 
against the gullet, which intervenes between it and the vertebral column, but 
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towards its lower part projects somewhat to the left side. The recurrent laryngeal 
nerve ascends to the larynx on each side in the angle between these two tubes. 

In the neck the trachea is situated between the common carotid arteries ; at its 
upper end it is embraced by the lateral lobes of the thyroid body, the middle part 
or isthmus of which lies across it just below the larynx. It is covered in front by 
the sterno-thyroid and sterno-hyoid muscles, between which, however, there is left 
an elongated lozenge-shaped interval in the middle line : this interval is covered in 
by a strong process of the deep cervical fascia, while, more superficially, another 
layer not so strong crosses between the sterno-mastoid muscles. The inferior 

Fig. 185. — OUTLIHK SHOWIHO THE QSNERAL FORK OF THE 
LARTMX, TRACHEA, AND BBONOHI, AS SEEK FROM 

BEHIND. (Allen Thomson. ) \ 

h, great corna of the hyoid bone ; t, superior, and t\ 
inferior coma of the thyroid cartilage ; e, the epiglottis ; a, 
points to the back of both the arytenoid cartilages, which 
are sormoanted by the comicula ; e, the middle ridge on 
the back of the cricoid cartilage ; t r, the posterior mem- 
branous part of the trachea ; 6, 6', right and left bronchi : 
their relative direction, as shown in this fignre, is not that 
most frequently met with. 

thyroid veins and the arteria ihyroidea ima, 
when that vessel exists, also lie upon its anterior 
surface below the isthmus of the thyroid body ; 
while just above the level of the upper edge of 
the sternum the innominate artery is occasionally 
found crossing obliquely in front of it. 

In the thorax, the trachea is covered by the 
manubrium sterni, together with the sterno- 
thyroid and sterno-hyoid muscles and tlie re- 
mains of the thymus gland ; behind these, by 
the left innominate vein, then by the com- 
mencement of the innominate artery and left 
carotid, which pass round to its sides; and 
lastly by the arch of the aorta and the deep 
cardiac plexus of nerves. Placed between the 
two pleurse, the trachea is contained in the 
superior mediastinum, and has on its right side 
the pleura and pneu mo-gastric nerve; on the 
left side are the arch of the aorta, the left carotid 
and subclavian arteries and the left recurrent 
laryngeal together with some cardiac nerves. 

The right and left bronchi (figs. 
184, 185, ^ h') proceed each to the root of 
the corresponding lung, and then undergo division. Previous to this they exactly 
resemble the trachea on a smaller scale ; being rounded and firm in front and at the 
sides, where they are provided with imperfect cartilaginous rings, and flattened and 
membranous behind. The right bronchus is larger than the left, the area of a 
section at right angles to the long axis of the right bronchus being in the proportion 
of 100 to 78 for a corresponding section of the left bronchus. It is also more nearly 
vertical so that on looking down the windpipe towards the bifurcation, the right 
bronchus appears to be a more direct continuation of the trachea than the left. 
This is, however, by no means constantly the case. Further it differs from the left 
in giving off on its outer side about \ in. to 1 in. from its origin a biunch which 
passes to the upper lobe of the right lung. As this branch comes off above the 
place where the right pulmonary artery crosses the bronchus it is called epartenaf. 
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the continuation of the bronchus below this branch being called hyparteriah On 
the left side there is no eparterial branch and the bronchus passes downwards and 
outwards for about two inches before giving off any branches (see p. 177 and fig. 195). 

The right bronchus is embraced above by the vena azygos major, which hooks 
forwards over it to end in the vena cava superior. The right vagus descends behind 
it. At the root of the lung the eparterial branch is above the pulmonary artery, 
the hyparterial part is crossed close to its origin by the pulmonary artery and 
lower down the superior pulmonary vein gets in front of it. The left bronchus 
inclines downwards and outwards beneath the arch of the aorta to reach the root of 
the left lung where the left pulmonary artery lies first in front of and then above it. 
It crosses over the front of the oesophagus and the descending aorta. Close to the 
hilom of the lung the upper left pulmonary vein is in front of it. 

The combined sectional area of the two bronchi is about one-fifbh greater than 
that of the trachea. 

The distribution of the branches of the bronchi within the lungs will be 
described in connection with those organs. 

BTRUOTXTBa OF THB TRACHEA AND BBONOHI. 

Trachea. — The trachea consists of an elastic framework of incomplete cartila- 
ginous rings or hoops united by fibrous tissue, and at one part by plain muscular 
tissue. It is lined throughout by a mucous membrane, and provided with glands. 




Fi^. 186. — LoNQirUDINAL SBOTIOK OF THX HUMAN TRACHSA, HTCLUDINO PORTIONS OV TWO OAKTILAQINOUS 

RINGS. (Klein and Noble Smith.) Modbratklt maonifikd. 

a, ciliated epithelium ; 6, basement membrane ; c, saperficial part of the mocous membrane, con- 
tainiug the sections of numerous capillary blood-vessels and much lymphoid ti^ue ; d, deeper {Mirt of 
the mucous membrane, consisting mainly of elastic fibres ; e, submucous areolar tissue, containing the 
larger blood-vessels, small mucous glands (their ducts and alveoli are seen in section), fat, &c. ; /, 
fibrous tissue investing and uniting the cartilages ; ^, a small mass of adipose tissue in the fibrous layer ; 
A, cartilage. 

The cartUages are from sixteen to twenty in number. Each forms a curve of 
rather more than two-thirds of a circle, resembling the letter C (fig. 183). The depth 
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from above downwards is three or four millimeters, and the thickness 1 mm. The 
outer surface of each is flat, but the inner is convex from above downwards, so as to 
give greater thickness in the middle than at the upper and lower edge. The cartilages 
are held together by strong fibrous tissue, which is elastic and yielding to a certain 
extent, and not only occupies the intervals between them, but is prolonged over 
their outer and inner surfaces, so that they are, as it were, imbedded in the tissue. 

The cartilages terminate abruptly behind by rounded ends, but the fibrous tissue 
is continued across between them, and completes the tube behind ; it is here looser 
in its texture. 

The first or highest cartilage, which is connected by the fibrous membrane with 
the cricoid cartilage of the larynx, is broader than the rest, and often divided at one 
end. Sometimes it coalesces to a greater or less extent with the cricoid or with the 
one below. The lowest cartilage, placed at the bifurcation of the trachea, is 
peculiar in shape ; its lower border being prolonged downwards, and at the same 
time bent backwards so as to form a curved projection between the two bronchi. 



Fig. 187.— A PART OF THK SBCTIOW RBPRKSKNTKD IH 
THE PRBCEDINa FIQURB XORB HIGHLY XAONIVIBIK 

(Klein and Noble Smith.) 
The letters represent the same parts as in that figure. 

The cartilage next above this is slightly 
widened in the middle line. Sometimes 
the extremities of two adjacent cartilages are 
united, and not unfrequently a cartilage is 
divided at one end into two short branches, 
the opposite end of that next it being like- 
wise bifurcated so as to maintain the 
parallelism of the entire series. The use of 
these cartilaginous hoops is to keep the wind- 
pipe open, a condition essential for the free 
passage of air into the lungs. 

Within the fibrous membrane at the 
posterior flattened part of the trachea, is a 
continuous pale reddish layer of unsiriped 
muscular fibres^ which pass across, not only 
between the ends of the cartilages, but also 
opposite the intervals ; they doubtless serve to narrow the tube by approximating 
the ends of the cartilages. Those opposite the hoops are attached to the extremities 
of the latter, and encroach also for a short distance upon their inner surface. 
Outside the transverse fibres are a few fasciculi having a longitudinal direction. 

The submucous tissue consists of loose areolar tissue which serves to connect the 
mucous membrane with the fibrous layer and the cartilaginous rings. It contains 
mucous glands and a quantity of adipose tissue is often found in it. 

The niYicoYiB membraiLe is smooth and of a pale pinkish white colour 
in health, although when congested or inflamed, it becomes intensely purple 
or crimson. It contains a considerable amount of lymphoid tissue. Underneath the 
epithelium is a basement membrane (figs. 186, 187, h\ well marked in the human 
trachea, through which nerves and processes from the subjacent connective tissue 
cells here and there pass into the epithelium. Throughout the mucous membrane 
a number of fine elastic fibres are found, but in the deeper parts the elastic fibres 
are very large and numerous {d). Along the posterior membranous part, they are 
more abundant than elsewhere, and are there collected into distinct longitudinal 
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bundles, which produce visible elevations or flutiugs of the macous membrane. 
These bundles are particularly strong and numerous opposite the bifurcation of the 
trachea. 

The epithelium consists of a layer of long columnar ciliated cells, often very 
irregular at their fixed end, where they are impressed by smaller cells, between 
which they penetrate to reach the basement membrane. The cilia serve to drive 
the mucous secretion upwards towards the larynx. Between these ciliated cells, are 
found others, also elongated ; they are prolonged at one end towards the surface, whilst 
the other end, which is not unfrequently forked, reaches to the subjacent membrane. 
These intermediate cells secrete mucus, which is to be seen in them in various 
stages of formation, and some of them are to be seen converted into goblet-cells by 
the extrusion of their mucinoid contents (^g. 188). A few lymph corpuscles are 
also found amongst the epithelial cells, as in other epithelia. 

The trachea is provided with numerous small mucous glands. The largest are 
situated at the back part of the tube, either close upon the outer surface of the 
fibrous layer, or occupying little recesses formed between its meshes. Smaller 
glands are found between the cartilaginous rings, upon and within the fibrous 
membrane, and still smaller ones close beneath the nmcous membrane. They are 

Fig. 188. — ClLIATlD EPITHELIUM CELLS FROM THE TRACHEA OP 
THE RABBIT ; HIGHLY XAONIFIED. (B. A. S. ) 



m}, m^f m', mucus -secreting cells, lying between the ciliated 
cells, and seen in various stages of mucin-formation. 

racemose glands, and their cavities are lined by a 
columnar epithelium : the excretory ducts pass through 
the muscular layer and the mucous membrane, on 
the surface of which their orifices are perceptible. 

Vessels and Verves. — The arteries of the 
trachea are principally derived fiom the inferior thy- 
roid. The larger branches run for some distance 
longitudinally, and then join a superficial capillary 
plexus with polyhedral meshes. The veins enter the 
adjacent plexuses of the thyroid veins. A rich plexus of 
lymphatios may readily be injected in the mucous 

membrane and submucous tissue, but the lymphoid follicles, so common in the 
alimentary mucous membrane, and also in the walls of the smaller bronchi, are 
rarely present. When found it is generally surrounding the ducts of the glands 
as they pass through the mucous membrane. The nerves come from the trunk 
and recurrent branches of the jmeunw-gastric, and from the sympathetic system. 
There are said to be numerous ganglia upon them, especially outside the muscular 
layer at the back of the tube. 

In the dog, cat, sheep, and rabbit, the upper half of the trachea is said to be 
supplied chiefly by the superior laryngeal nerve, through the anastomosis between 
the superior and inferior nerves in the larynx (Kandarazi). 

Bronchi. — The general structure of the undivided portions of the bronchi 
corresponds with that of the trachea in every particular. Their cartilaginous rings, 
which resemble those of the trachea in being imperfect behind, are, however, shorter 
and narrower. The number of these rings on the right side varies from six to eight, 
whilst on the left the number is from nine to twelve. 

The bronchi are supplied by the bronchial arteries and veins, and the nerves ai'e 
from the same source as those of the lower part of the trachea. 
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THE MEDIASTINUM THORACIS. 

The greater part of the thorax is occupied by the lungs, each of which is invested 
by a serous membrane, the pleura. The right and left pleural cavities are separated 
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by a median partition called the mediasUnum, This consists of a layer of pleura 
on each side, with the heart, great vessels, pericardium, and other structures inter- 
posed. The interval between the right and left pleura, which is occupied by the 
structures referred to, is known as the medmstinai space. The whole mediastinum 
is subdivided into the following parts: — The muldte mediasHnttm^ which is co- 
extensive with the pericardium ; the anterior mediastinum, the part in front of the 
pericardium ; the posterior mediastinum^ the part behind the pericardium ; and the 
superior mediastinum^ which is situated above the pericardium, and extends upwards 
as far as the root of the neck. 

The superior niediastiuiiiii may be considered as bounded below by a plane 
passing from the lower border of the body of the fourth doi*sal vertebra behind to 
the junction of the manubrium with the body of the sternum in front. Its upper 
limit corresponds with the superior aperture of the thorax. In front are the 
manubrium and the lower ends of the Bterno-hyoid and stemo-thyroid muscles ; and 
behind are the upper four dorsal vertebne and the lower ends of the longus colli 
muscles. 

It contains the trachea, oesophagus and thoracic duct ; the whole of the arch of 
the aorta, the innominate artery, and the thoracic parts of the left common carotid 
and subclavian arteries ; the innominate veins and upper part of the superior vena 
cava ; the phrenic and pneumo-gastric nerves, the left recurrent, and the cardiac 
nerves ; and the cardiac lymphatic glands and remains of the thymus gland. 

The anterior mediaetmnm is naiTow in its upper half, the two pleurse coming 
nearly or quite into contact behind the second piece of the sternum. Below it is 
n little broader, the left pleura receding from its fellow, and is bounded in front by 
the sternum, sometimes also by the fifth and sixth, and a small portion of the 
seventh left costal cartilages, and by the triangularis stemi muscle ; behind it is the 
pericardium. The enclosed space contains only some areolar tissue, and in its lower 
part two or three small lymphatic glands (anterior mediastinal glands). 

The middle mediastiniim is the enlarged central portion of the partition, con- 
taining in addition to the pericardium with its contents (viz., the heart, the arch of 
the aorta, the trunk of the pulmonary artery and the lower half of the superior 
vena cava), the phrenic nerves and accompanying vessels, the arch of the azygos 
vein, and the roots of the lungs with the bronchial lymphatic glands. 

The posterior mediastiiiiiiii is the part between the pericardium, the dia- 
phragm, and the roots of the lungs in front, and the spine behind (from the lower 
border of the fourth dorsal vertebra downwards). It contains between its pleural 
layers the descending thoracic aorta ; the cesophagus with the pneumo-gastric 
nerves, the azygos veins, the thoi-acic duct and the posterior mediastinal lymphatic 
glands. 

THE IiUNQS AND FIiEUILS:. 

The lungs occupy by far the larger part of the cavity of the chest, and in health 
are always in accurate contact with the internal surface of its wall. Each lung 
is attached at a comparatively small part of its flattened inner or mesial surface by a 
part named the root. In other directions the lung is free, and its surface is closely 
covered by a serous membrane, whicli is reflected at the root to the corresponding 
side of the thorax, and named the (right or left) pleura, 

THB FIiXUBJB. 

The pleurfls are two serous sacs quite distinct from each other. Each consists 
of a visceral and Vk parietal portion, between which is the pleural cavity containing a 
very small quantity of fluid, merely sufficient to lubricate the opposing surfaces. 
The visceral portion (jfleurapulmonalis) covers the lung and extends into the fissures 
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between its lobes ; and the parietal portion lines the ribs and intercostal spaces 
(pleura costalis), covers the upper convex surface of the diaphragm (pleura dia- 
phragmatis), enters into the formation of the mediastinum (pleura medtastinalis)^ nnd 
extends upwards into the neck (pleura cervkalis). 

At the root of each lung the visceral and parietal portions of the corresponding 
pleura are continuous with one another ; and at the lower border of the root is a 
fold of the serous membrane, the two layers of which are continuous above with 
those in front of and behind the root of the lung. It extends vertically along the 
inner surface of the Jung down to the diaphragm, to which it is attached by its 
extremity ; this fold is named ligamentum latum pulmonis. 




Fig. 190. — Horizontal section of thorax of man, aobp 57, imxediatsly aboyb thb bifurcation 

OF THR TRACHEA, SEEK FROM ABOVE. (J. S.) \ 

U.L., Upper lobe of right lung ; u.p., l.l., upper anil lower lobes of left lung ; lUB., L.B., origin of 
right and left bronchi, in this specimen the termination of the trachea was lower than usual ; a, arch 
of aorta ; d.a., descending aorta ; i>, ubhterated ductus arteriosus ; n, left recurrent laryogeal nerre ; 
L.O., lymphatic glands ; other letters as in tig. 189. 

Along the mediastinal aspect of each plenra there descends a ligamentous band, an oflfshoot 
of the prevertebral fascia, attached above to the bodies of the cervical and first dorsal vertebrae 
and below to the pericardium and central tendon of the diaphragm. These bands, the '* sus- 
pensory ligaments of the diaphragm " of Teutleben, embrace the roots of the lungs, and in a 
measure serve to fix both these and the other parts to which they are attached below. 

Belationi. — The costal portion of the pleura lines the inner surface of the ribs 
and iDtercostal spaces and posteriorly passes over the heads of the ribs and the 
gangliated cord of the sympathetic on to the sides of the bodies of the doi-sal 
vertebrae, where it becomes continuous with the posterior part of the mediastinal 
pleura, while in front it is reflected backwards to join the anterior part of the 
mediastinal pleura. This anterior line of reflection varies at diflferent levels, and 
also slightly on the two sides. Opposite the manubrium sterni it may be repre- 
sented by a line passing from the sterno-clavicular articulation downwards and 
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inwards to meet the pleura of the opposite side at the upper edge of the body of the 
Bternum. From this point the two pleurse are in close contact down to the level of 
the upper border of the fifth costal cartilage, where they tend to separate from one 
another. On the right side the line of reflection continues nearly straight down to 
the lower end of the body of the sternum, where it begins to turn outwards. On the 
left side, according to Luschka, it normally diverges from the median line at the 
upper border of the fifth costal cartilage, so that at the level of the sternal end of the 
fifth costal cartilage ic is 1*5 cm., at the sixth 2 cm., and at the seventh 3*5 cm. 
external to the left border of the sternum. Not unft'equently, however, tiie lateral 
deviation of the left pleura opposite the lower end of the sternum is not so marked 




Fig. 191. — HORIZOKTAL SECTION OF THK THORAX OP A MAN, AOKD 57, AT THE LEVEL OF THE ROOTS OF 
THE LUNGS, SEEN FROM ABOVE. (J. S.) | 

I., 8., saperior and inferior lobes of langs ; K, eparterial bronchus ; a.m., anterior mediastinum : 
R.P.O., right pleural cavity ; p.c, pericardial cavity ; a. a., ascending aorta ; pa., pulmonary artery : 
R.P.A., its right branch ; R.P.V., L.p.y., right and left pulmonary veins; a. v., azygos major vein ; 
other letters as in fig. 189. 

as described by Luschka. Thus, Sick, in seventeen out of twenty-three adults, found 
the reflection of the pleura at the level of the sternal end of the fifth costal cartilage 
was cither behind the sternum or at its left edge. This was also the case in tfin 
out of the twenty-three at the sixth cartilage and in nine of them at the seventh 
costal cartilage. Brooks' observations also support this view. In four out of seven 
cases in which the pleura was quite healthy he found the reflection was entirely 
behind the sternum, while in one it was at the left edge of this bone. He also 
states that in all the cases the two pleurae were close to one another as far down as 
the ensiform cartilage, so that the area of pericardium uncovered by the pleura was 
reduced to a minimum. 

The lower border of the costal pleura is reflected on to the diaphragm opposite a 
line passing from the lower end of the sternum outwards behind the seventh costal 
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cartilage nearly as far as its rib ; here it leaves the seventh cartilage, and continning 
to pass obliquely downwards and backwards, crosses the eighth, ninth, tenth, and 
eleventh i*ibs, and reaches the twelfth rib near its vertebral end. If the twelfth rib 
be very short the whole of its anterior surfece may be covered and the pleura pass 
Hs low as the transverse process of the first lumbar vertebra (Pansch). When the 
rib is well developed it is seldom in contact with the pleura external to its inner 
half. On the lateral wall of the chest the pleura will generally be found rather 
lower on the left than on the right side. Luschka 6stiii)ates that in the midaxillary 
line the pleura reaches to the lower border of the ninth rib on the right side and to 
the lower border of the tenth on the left. The inferior limit of the pleura does not 




Fig. 192. — HORIZOHTAL SBCriOV OP THORAX OF A MAN, AOBD 57, IMIIKDIATICT ABOVE THB PULMONARY 
VALVES, AND THB RIGHT AURICUlJkR APPENDIX, fi(BBN FROM ABOVE. (J. S.) | 

8', third coetal cartilage ; r.i., superior and inferior lobes of langs ; p, on right anterior palmonary 
valve ; r, tip of right auricular appendix ; l, left auricular appendix; l.a., left auricle ; a, b, c, 
branches of right pulmonary artery and vein and of right bronchus ; l.p.c, left pleural cavity ; oUier 
letters as in fig. 189. 

extend to the attachment of the diaphragm, but leaves a portion of the circumference 
of this muscle in contact with the costal parietes. • Owing to the height of the 
diaphragm on the right side (corresponding to the greater convexity of the liver) 
the right pleural sac is shorter than the left ; it is at the same time wider, as the 
pericardium does not pass so far to the right as to the left of the median plane. 

The upper part of the pleura, together with the apex of the corresponding lung, 
rises dome-like into the root of the neck forming the pleura cervicalt's. It I'eaches 
from one to two inches above the anterior end of the firat rib and half an inch to 
one and a-half inches above the clavicle, but not higher than the neck of the first 
rib. The subclavian artery, as it arches outwards, lies in a groove on its inner and 
anterior aspect a little below its highest point. Externally it comes in contact with 
the scalenus anticus and medius. 



TBK 1>LEI;R.£. 



178 



A small slip of muscle arising' from the transverse process of the last cervical vertibri is 
described by Sibson as expanding into a dome-like aponeurosis or fascia, which covers or 
strengthens the pleural cul-de-sac. and is attached to the whole of the inner edge of the 
first rib. 

The mediastinal portions of the two pleural sacs constitute, as already described, 
the lateral boundaries of the mediastinal space. The layers fonning the sides of the 
anterior mediastinum pass backwards from the sternum to the pericardium in close 
relation with one another except below, where a triangular interval is sometimes 
found between them. At the f^ont of the pericardium the two layers separate, each 
passing round its own side of the pericardium to the front of the root of the corre- 




Pig. 193. — HORISONTAL SKCTION OF THE THORAX OF A MAN, AOBD TtJ, AT THE LKVBL OP THE NIPPLES, 

SEEN FROM ABOVV. (J.S.) \ 

n, nipple; v, middle lobe of right lung; R.A., right auricle; R.v., right ventricle; l.a., left 
auricle ; l.v., left ventricle ; R.P.V., right posterior valve of aortic orifice ; r.p.e., right pleural cavity ; 
other letters as in fig. 189. 

spending lung, where it becomes continuous with the visceral pleura. This part of 
the pleura is often termed pericardial; it is the lateral limit of the middle medias- 
tinum. The phrenic nerve courses to the diaphragm between it and the pericardium. 
The pleura which goes from the side of the vertebral column to the back of the root 
of the lung bounds the posterior mediastinum. On the right side it lies in relation 
with the vena azygos major, the right vagus, and the oesophagus ; on the left side 
with the descending aorta, and low down with the oesophagus. The two pleurae 
are here united by an interpleural ligament passing behind the oesophagus and in 
front of the aorta. At the level of the superior mediastinum the pleura passes back- 
wards from the anterior to the posterior chest wall without being reflected over the 
lungs. On the right side it covers the right innominate vein and superior vena 
cava, the innominate artery and the right phrenic and vagus nerves, and the 
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trachea ; and on the left the cesophagns and thoracic duct, the left common carotid 
and subclavian arteries, and the corresponding phrenic and vagus nerves. 

In certain situations the surface of the paiietal pleura directed towards the 
pleural cavity is not in contact with the visceral pleura, two portions of parietal 
pleura being in apposition. The part of the pleural cavity bounded in this way by the 
parietal pleura is called the supplemental or complemental pleural space. This space 
varies in its extent according to the condition of the lungs, being diminished in 
inspiration and increased during expiration ; but in all probability it cannot be 
completely obliterated even by forcible inspiration. It is found on both sides 
between the chest wall and the diaphragm, and on the left side between the chest 
wall and the pericardium, opposite the lower part of the body of the sternum. It 
is best marked posteriorly, as here the costal and diaphragmatic portions of the 
pleura are in contact from about the tenth to the twelfth rib. 

Structure. — The pleura possesses the usual characters of serous membranes. 
The costal part is the thicker, and may be easily raised from the ribs and intercostal 
spaces. It is strengthened here by a layer of subserous areolar tissue of considerable 
thickness. On the pericardium and diaphragm the pleura is thinner and more firmly 
adherent ; but it is thinnest and least easily detached upon the surface of the lungs. 
A difference is also noticeable in the character of the superficial epithelial layers, for 
while on the pleura cosialis this consists of the ordinary flattened cells, on the pleura 
pulmonalis the cells are less distinctly flattened and more granular and polyhedral, 
but they become flattened out when the lung is distended (Klein). Lymphatic 
vessels are abundant in and beneath the pleura as in other serous membranes, and 
they communicate in many parts, by means of stomata, with the cavity of the 
membrane. In the pleura cosialis the stomata are only found over the intercostal 
spaces, not over the ribs (Dybkowsky). 

Beneath the serous covering there is placed a thin layer of subserous areolar 
tissue mixed with a large number of elastic fibres. It is continuous with the areolar 
tissue in the interior of the lung, and has been described as a distinct coat under the 
name of the second or deeper layer of the pleura. In the lungs of many animals, 
such as the lion, seal, and leopard, this subserous layer forms a very strong 
membrane, composed principally of elastic tissue ; in others, as the guinea-pig, a 
network of plain muscular fibres is found, which have a general radiating direction 
from the apex (Klein). A close plexus of lymphatic vessels is also met with in this 
sub-pleural tissue : these vessels communicate on the one side by means of stomata 
with the pleural cavity, and on the other, as will be afterwards noticed, with a net- 
work of similar vessels in the inter-alveolar septa of the lungs. A uniform network 
of capillary blood-vessels covers the surface of the lung. These are supplied from 
branches of the bronchial arteries. They are less closely arranged than the blood- 
vessels of the pulmonaiy alveoli, and are thus, as well as by their position, easily dis- 
tinguishable from them in specimens of injected lung. 

THX liUNQB. 

Each lung is irregularly pyramidal or conical, with the base downwards (fig. 194). 
The broad, concave base is of a semilunar form, and rests upon the arch of the 
diaphragm. It is bounded by a thin margin, which is received in the angle between 
the ribs and the diaphragm, and reaches much lower down behind and at the outer 
side than in front. The apex is blunt, and, as already mentioned, reaches into the 
root of the neck, above the first rib, where it is separated from the first portion of 
the subclavian artery by the pleural membrane. The apex is generally marked by 
a groove where the subclavian artery crosses it. The outer surface, which moves 
upon the thoracic parietes, is smooth, convex, and of great extent, corresponding 
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with the arches of the ribs and costal cartilages. The inner surface is coDcave, and 
in part adapted to the convex pericardium. The posterior border is rounded, and is 
received into the deep groove formed by the ribs at the side of the vertebral column ; 
measured from above downwards, it is the longest part of the lung. The anterior 
border is thin and overlaps the pericardium, forming a sharp edge, which, opposite 
the middle of the sternum, is separated during inspiration from the corresponding 
margin of the opposite lung only by the two thin layers of the mediastinal septum. 
Upon the inner surface, somewhat above the middle of the lung, and considerably 
nearer to the posterior than the anterior border, is the hilum or fissure, where the 
bronchi and great vessels enter the lung. These structures form the root of the lung. 
The left lung is divided into two lobes by a long and deep fissure, which can be 
traced on the surface of the lung from the upper and posterior part of the hilum 
upwards and backwards on the inner surface, and reaches the posterior border at 
about the level of the fourth rib ; the fissure then passes obliquely downwards and 
forwards over the outer surface to the lower border, which it joins near its anterior 





Fig. 194. — View of thb lungs frum before, drawn from the models of His. 
a, h, e, upper, middle, and lower lobes of the right lang ; dy e, upper and lower lobes of the left lung. 

end. This part of the fissure is somewhat more oblique than the adjacent ribs ; thus, 
beginning at the fourth rib it gradually leaves it to gain the inner surface of the 
fifth rib, which it finally crosses to reach the sixth costal cartilage a little below the 
apex of the heart. From the lower border of the lung the fissure can be seen to 
pass up the inner surface to the lower part of the hilum. The fissure extends from 
the surface deeply into the lung, reaching close to the hilum, and practically dividing 
the lung into two distinct parts. The upper lobe is the smaller. It forms the apex, 
the whole of the anterior border, and the greater part of the concavity for the heart. 
To the lower and larger lobe belong the greater part of the thick posterior border 
and almost the whole of the diaphragmatic surface except a small area in front. The 
highest part of the lower lobe is found at the posterior border of the lung, where it 
usually reaches to the fourth rib. 

In the right lung there are two fissures dividing it into three lobes, called upper, 
middle, and lower. One of these fissures closely corresponds in its position and 
direction with the one on the left side, except that it is rather more vertical, and joins 
the lower border of the lung farther outwards. It may be regarded as the main 
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fissure, and separates the lower lobe from both the upper and middle lobes. The 
additional fissure is seen on the outer surface to pass from the main fissare nearly 
horizontally inwards and join the anterior border at the level of the fourth costal 
cartilage. From this border it can be traced on the inner surface backwards to the 
hilum. Like the main fissure it extends deeply into the lung, and it almost 
completely cuts off the middle from the upper lobe. 

Varieties. — Irregularities in the number and position of the lobes of the lung axe not 
very uncommon. Absence; of a lobe owing to ito non-development is very rare, but cases of 
its partial union with the adjacent parts of the lung owing to defective formation of the 
fissures are often seen. Accessory lobes often result from Assuring of the primary ones. An 
accessory lobe on the right side situated below the root of the lung, and apparently corre- 
sponding to thB'lobys itnpar of various mammals, has been frequently observed. Sevend cases 
have also been recorded of an accessory lobe above the root of the lung, which was constricted 
at its base by the vena azygos major. 

In spite of its. comparatively small size, it appears not improbable, from the researches of 
Aeby, which will be afterwards more fully referred to, that the middle lobe of the right lung 
is the morphological equivalent of the whole upper lobe of the left lung, and that the upper 
lobe of the right lung is not represented on the left side. 

The left lung has a deep notch in its anterior border, into which the apex of the 
heart (enclosed in the pericardium) is received. Besides these differences the right 
lun^ is shorter than the left, owing to the diaphragm rising higher on the right side 
to accommodate the liver, whilst the left lung is the naiTower, owing to the heart 
and pericardium encroaching on the left half of the thorax. On the whole, how- 
ever, as is seen on a comparison of their weights, the right is the larger of the two 
lungs. 

At the summits and posterior borders the extent of the lungs corresponds with 
that of the pleural sacs which contain them, but in front and below the relation is 
variable, inasmuch as the anterior margins below the level of the third or fourth 
costal cartilages pass forwards most completely between the mediastinal and costal 
pleurffi during inspiration, and retire to a variable degree from between them in 
expiration ; and in like manner the inferior margins descend, during inspiration, 
between the. costal and diaphragmatic pleursB ; probably at no time do they ever 
descend completely to the line of reflection between those membranes. 

The lower edge of the right lung usually extends to the sixth rib in the 
mamillary line, to the eighth in the midaxillary, and to the tenth in the post-scapular 
line. The left lung is often nearly a rib lower than the right. 

In consequence of the notch in the lower part of the anterior border of the left lung, an 
area of the heart, on the left side of the median plane, is uncovered by lung. This area, 
which is of importance clinically, is often called the area of prseoordial dulness, or the area 
of superficial cardiac dulness. It is irregularly triangular in shape, the three fixed points 
being, (a) one at midstemum opposite the fourth costal cartilages, (5) another at the apex 
beat, (c) a third at midstemum at the junction of the body of the sternum with the ensi- 
form cartilage. The line joining the first two of these points is irregularly curved with 
the convexity directed upwards and outwards. The line joining the second with the third 
point is slightly curved with the convexity directed downwards and to the right. At the 
inner part of its lower border cardiac dulness frequently merges in hepatic dulness. 

Roots of the LtJNGS. — The root of each lung is composed of the bronchus or 
fiub-division of the air-tube, and the large blood-vessels, together with nerves, 
lymphatic vessels, and glands, connected together by areolar tissue, and enclosed by 
the reflection of the pleura. 

The roots of the lungs are situated at the level of the bodies of the fifth, sixth, 
and seventh, and often also the eighth, dorsal vertebrsB. The root of the right lung 
lies behind the superior vena cava and part of the right auricle, and below the azygos 
vein, which arches over it to enter the superior cava. That of the left lung passes 
below the arch of the aorta, and in front of the descending aorta. The phrenic 
nerve descends in front of the root of each lung, and the pneumogastric nerve 
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behiad, whilst the ligamentum latum pulmonis is continued from the lower border. 
The bronchus, together with the bronchial arteries and veins, the lymphatics, and 
lymphatic glands, are placed on a plane posterior to the great blood-vessels, whilst 
the pulmonary veins are in front of the arteries. The pulmonary plexuses of nerves 
lie on the anterior and posterior aspect of the root, beneath the pleura, the posterior 
plexus being the larger of the two. 

On the right side the undivided portion of the bronchus is usually altogether 
above the right pulmonary artery ; on the left side the undivided portion of the 
bronchus, which is considerably longer than on the right side, extends to below the 
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Fig. 195.— Skktch showing thb lower ehd of thr traohba, its divisioh ihto the two bronchial 

TRUNKS, AND THE COURSE AND CHIEF BRANCHES OF THKSB WITHIN THE LUNOS FROM BEFORE 

(after Aeby). 

a, upper, b, middle, c, lower, lobe of tbe rigbt lung ; b\ upper, <^, lower lobe of tbe left lung : 
^-P-* rigbt pulmonary artery; /.p., left artery; r.br,, right broncbial trunk; Lhr., left bronchial 
trunk ; ep.^ on tbe rigbt side, eparterial branch supplying tbe upper lobe ; r.A.^ first ventral hypar- 
terial bronchus supplying the middle lobe on the rigbt side, the upper lobe on the left ; v.Jl^j v.h.^, 
v.h.*f the remaining ventral hyparterial branches distributed in the lower lobe on each side ; d.h,\ 
d.k.^f d.k.^y dJi.*, the four dorsal hyx>arterial branches distributed on both sides in the posterior and 
inner part of the lower lobe ; A, accessory bronchus arising close to the first dorsal hyparterial bronchus 
on the right side, and representing the one which supplies the azygos lobe in some animals. The 
main branches of the pulmonary vessels are distributed like the bronchi. Within the lung the arterial 
trunks run behind the bronchial branches, the venous trunks in front. 

level of the left pulmonary artery, which crosses it. On both sides the pulmonaiy 
veins are below the corresponding arteries. 

Distribution op the bronchi within the lungs. — As already mentioned, 
the right bronchus gives off a branch near its origin which is distributed in 
the upper lobe of the lung (fig. 195, ep). This branch, which comes off above the 
place where the right pulmonary artery crosses the bronchus (eparterial branch), is 
not represented on the left side in man, and it is hence inferred by Aeby that the 
lobe of the lung to which it is distributed is also absent on the left side, and that 
the upper lobe of the left lung is in reality the homologue of the middle lobe 
of the right lung. All the other branches of the right bronchus, and all the 
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branches of the left bronchus, come off below the place where the corresponding 
pulmonary artery crosses the air-tube (hyparteriat). 

In many animals the bronchi, instead of dividing, as in man they appear to do, 
into nearly equal branches at the root of the lung, pass down in the form of 
main trunks towards the extremity of the lower lobe, giving off branches at 
intervals in two directions, viz., dorsally and ventrally. The character of the 
ramification of the hypartenal bronchial trunk as it is continued in the lung is 
therefore bipinnate and not dichotomous. In addition to these two rows of dorsal 
and ventral branches, accessory branches are occasionally met with coming off from 
the main trunk in its passage through the lower lobe. These usually arise from 
the front, and are intermediate in position between the dorsal and ventral series. 




Fig. 196. — Cist op thb interior op thb trachka and bronchi, wirn tubir chirp RAMiriCATioNS 

WITHIN THK LUNQ. ( Aeby. ) 

This cast shows a type of division frequently met with, the right bronchus being almost in continna- 
tion of the line of the trachea. 

a, eparterial branch ; b, c, hypartenal branches (ventral and dorsal). 

generally taking origin near one or other of these. Of the accessory bronchi the 
only one that claims especial notice is that which arises near the second ventral 
branch of the right bronchial trunk, and which in some animals (monkeys) supplies 
a special small lobe placed mesially behind the pericardium, and termed by Owen the 
azi/gos [lobe. In some animals well-developed eparterial branches arise from both 
bronchi, and supply corresponding lobes in the two lungs. This arrangement repi'e- 
sents the bilaterally symmetrical type of bronchial distribution. In some (sheep, 
ox), the eparterial bronchus to the right upper lobe springs directly from the 
trachea ; and a similar condition has in rare cases been met with io the human subject. 
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In the hnman lang the same character of bronchial ramification can be made ont 
(figs. 195, 196, 197). From the continuation of the bronchus four dorsal and as 
manj ventral hyparterial branches are given off in succession in each long. Of these 
the ventral or outer are much the larger, and the first ventral branch supplies the 
middle lobe of the right and the upper lobe of the left lung. But the subordination 
of the branches to the trunk becomes obscured in consequence of the size of the 
ventral branches, which are as large in most cases as the trunk itself ; the latter 




Fig. 197.— Cast of the interior op the trachea and BRONcni, with their chief rahificatiors 

WITHIN the ldnos. (Aebj.) 

This cast shows a type of division less frequent than the last, the right and left bronchi being at 
about a right angle with one another. 

a, eparterial branch ; b, ventral hyparterial branches ; b' accessory (azygos) branch ; c, dorsal 
hyparterial branches. 

can nevertheless be detected pursuing with but little deviation a course towards the 
posterior and lower extremity of the inferior lobe. 

According to Hasse the larger branches of the bronchi distributed to the upper 
lobe of the left Inng and the upper and middle lobes of the right lung are directed out- 
wards, upwards, and forwards ; while those of the lower lobes of both lungs pass 
downwards, inwards, and backwards. These directions agree with the movements of 
the chest walls, which in their upper and anterior parts expand in an upward, 
forward, and outward direction, while below the descent of the diaphragm increases 
the chest cavity in a direction downwards and inwards. 

N 2 
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On the whole there is a gradual iDcreaae in the combined sectional area of the 
system of air-tubes in proceedinj^ from the lower end of the trachea to the termina- 
tions of the bronchial tubes in the lungs ; the increase being only interrupted at one 
point, namely, immediately below the origin of the first branches which are given off 
from the bronchial trunks. The combined sectional area is here no greater than the 
sectional area at the lower end of the trachea, although the combined area of the 
undivided bronchi is distinctly greater than this. (C. Aeby, Der Bronchialbaum 
der Saugethiere und des Menschen, Leipzig, 1880.) 

Dimensions of the lungs. — The lungs vary much in weight according to the 
quantity of blood they may happen to contain, as well as from other causes. 
The weight of both lungs together, as generally stated, ranges from 80 to 48 ounces, 
the more prevalent weights being found between 86 and 42 ounces (1,300 grammes 
in the male and 1,028 grammes in the female, according to W. Krause). The 
proportion borne by the right lung to the left is nearly that of 22 ounces to 20, 
taking the combined weight of the two at 42 ounces (682 to 618 grammes, taking 
the combined weight as 1,800). The lungs are not only absolutely heavier in the 
male than in the female, but appear to be heavier in proportion to the weight of the 
body. 

Their extreme length in the male is 271 mm. for the right and 298 mm. for the 
left lung ; in the female 216 mm. and 280 mm. respectively. The extreme outer 
and posterior diameters of the right and left lungs respectively are in the male 
208 mm. and 176 mm., and in the female 176 mm. and 162 mm. The transverse 
diameter at the base is in the male 185 mm. (right) and 129 mm. (left), and in the 
female 122 mm. (right) and 108 mm. (left). These numbers are also taken from 
Krause (quoted by Vierordt). 

Physical properties. — The substance of the lung is of a light porous spongy 
texture, and, when healthy, is buoyant in water : but in the foetus, before respira- 
tion has taken place, and also in certain cases of congestion, collapse, or consolida- 
tion from disease, the entire lungs, or portions of them, sink in that fluid. The 
specific gravity of a healthy lung, as found after death, varies from 0-845 to 0*746. 
When the lung is fully distended its specific gravity is 0'126, whilst that of the 
pulmonary substance, entirely deprived of air, is 1*056 (Krause). When pressed 
between the fingers, the lungs impart a crepitant sensation, which is accompanied by 
a peculiar noise, both effects being caused by the air contained in the tissue. On 
cutting into the lung, the same crepitation is heard, and there exudes from the cut 
surface a reddish frothy fluid, which is partly mucus from the air-tubes and air- 
cells, and partly serum of blood, rendered frothy by the admixed air. 

The pulmonary tissue is endowed with great elasticity, in consequence of which 
the lungs collapse to about one-third of their bulk when the thorax is opened. 
Owing to this elasticity also, the lungs, if artificially inflated out of the body, 
contract to their previous volume when the air is again allowed to escape. 

In infancy the lungs are of a pale rose-pink colour, which might be compared to 
blood-froth ; but as life advances they become darker, and are mottled or variegated 
with spots, patches, and streaks of dark slate-colour, which sometimes increase to 
such a degree as to render the surface almost uniformly black. 

The dark colouring-matter found in these streaks is in the form of gn^anules and ooUec> 
tions of granules, frequently not enclosed in cells ; it is deposited in the interstitial areolar 
tissue mostly near the surface of the lung, and is not found so abundantly in the deeper 
substance. It exists sometimes in the air-cells, and on the coats of the larger vessels. Its 
quantity increases with age, and is said to be less abundant in females than in males. In 
persons who foUow the occupation of miners, more especially colliers, the lungs are often 
intensely charged with black matter. The black substance seems mainly to consist of 
particles of carbonaceous substance. It is found also in the bronchial glands ; indeed, it 
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appears to be taken up in large measure by the lymphatics. In exceptional cases the adult 
lungs exhibit only very slight streaks of pigment. 

Condition in the foBtns and ohanges after birth. — In the foetas the langs 
contain no air, and consequently sink in water. Thej undergo very rapid and 
remarkable changes after birth, in consequence of the commencement of respiration : 
these affect their size, position, form, consistence, texture, colour, and weight, and 
should be carefully studied, as furnishing the only means of distinguishing between 
a still-bom child and one that has respired. 

1. Position^ size^ and form. — In a foetus at the full period, or in a still-born 
child, the lungs, comparatively small, lie packed at the back of the thorax, and do 
not entirely cover the sides of the pericardium ; subsequently to respiration they 
expand, and completely cover the pleural portions of that sac, and are also in contact 
with almost the whole extent of the thoracic wall, where it is covered with the 
pleural membrane. At the same time their previously thin sharp margins become 
more obtuse, and their whole form is less compressed. 

2. Consistence^ texture^ and colour. — The introduction of air and of an increased 
quantity of blood into the foetal lungs, which ensues immediately upon birth, 
converts their tissue from a compact, heavy, granular, yellowish-pink, gland-like 
substance, into a loose, light, rose-pink, spongy structure, which, as already 
mentioned, floats in water. The changes thus simultaneously produced in their 
consistence, colour, and texture, occur first at their anterior borders, and proceed 
backwards through the lungs : they, moreover, appear in the right lung a little 
sooner than in the left 

8. Weight, — The absolute weight of the lungs having gradually increased from 
the earliest period of development to birth, undergoes at that time, from the quantity 
of blood then poured into them, a very marked addition, amounting to more than 
one-third of their previous weight : for example, the lungs before birth weigh about 
one ounce and a half, but after complete expansion by respiration they weigh as 
much as two and a half ounces. The relative weight of the lungs to the body, 
which at the termination of intra-uterine life is about 1 to 70, becomes, after 
respiration, on an average about 1 to 35 or 40 ; a proportion which is not materially 
altered through life. The specific gravity is at the same time changed from 1*056 to 
about '342. 

MINUTX BTBUOTTTRB OF THB liXTNaS. 

Termination of the bronchi; stmotnre of the bronohial tubes. — ^The 
principal divisions of the bronchi, as they pass into the lungs, divide into tubes of 
less calibre, and these again subdivide in succession into smaller and smaller tubes, 
often distinguished as bronchia, bronchioles^ or bronchial tubes^ which, diverging in 
all directions, never anastomose, but terminate separately. The larger branches 
diverge at acute angles, but the more remote and smaller ramifications spring less 
acutely. After a certain stage of subdivision each bronchial tube, reduced to a small 
size (about 0*2 mm.), is termed a lobular or respiratory bronchiole (Kolliker), and 
its walls become beset with small hemispherical saccules, termed air-cells^ or alveoli. 
They occur at first only here and there, and confined to one side of the tube only, 
but at length almost cover it, so that the tube in great measure loses its cylindrical 
character. At length it ends in an enlarged completely saccalated passage, termed 
the alveolar passage {atrium. Miller), from which are given ofi^ blind ramifications, 
somewhat enlarged towards their extremities, and everywhere closely beset with the 
air-cells. These enlarged terminations, or ultimate lobules, which measure about 
1 mm. in diameter, are named infundibula (fig. 200). 

Within the lungs the air-tubes are not flattened behind like the bionchi and 
trachea, but form completely cylindrical tabes. Hence, although they contain the 
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same elements as the larger air-passages, they are reduced gradually to a state of 
greater tenuity, but possess certain peculiarities of structure. Thus, the cartilages 
no lonj;er appear as imperfect rings running only upon the front and lateral surfaces 
of the air-tube, but are disposed over all sides of the tubes in the form of irregularly 



ftcb 




Pig. 19S. — PoRTIOir OP A TRANSYERSB 8B0TIOV OF A BRONCHIAL TUBB, HUMAN (6 MX. IN DIAXBTER) 

(F. E. Schultze). Maqnifibd 30 diaxbtbrs. 

a, cariUage and fibroos layer with muooiis glands, and, in the outer iMirt, a little fat ; in the 
middle, the dnct of a gland opens on the inner surface of the tube ; 6, annular layer of involuntary 
muscular fibres ; o, elastic Uyer, the elastic fibres in bundles which are seen cut across ; d, columnar 
ciliated epithelium. 

shaped plates and incomplete rings of various sizes. These are most developed at 
the points of division of the bronchia, where they form a sharp concave ridge 
projecting inwards into the tube. They may be traced, becoming rarer and rarer 
and more reduced in size, as fai* as bronchia one millimeter in diameter. Thit fibrous 




Pig. 199. — Section of a small bronchial tube (4 xx. in diameter) from thb piq's ldno 
(F. £. Schultze). Magnified 240 diameters. 

a, fibrous layer ; (, muscular layer ; r, mucous membrane in longitudinal folds, with numerous 
longitudinally running elastic fibres cut across ; d, ciliated epithelium ; /, surrounding alveoli. 

coat extends to the smallest tubes, becoming thinner by degrees, and degenerating 
into areolar tissue. In it are mucous glands which send their ducts to open on the 
mucous membrane. These occur most numerously in the larger tubes ; in those 
which measure less than 1 mm. they are rarely if ever found. The mucotts membrane, 
which extends throughout the whole system of air-passages, is also thinner than in 
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the trachea and bronchus, but it retains its ciliated colomnar epitheliom (figs. 198, 
199, d). The longitudinal bundles of elastic fibres {c, in the transverse sections) are 
very distinct in both the large and small bronchia, and may be followed by dissection 
as far as the tube can be laid open, and by the microscope into the smallest tubes. 



Fig. 200.— Diagrammatic representation 

OF THE TERMINATION OF A BRONCHIAL 
TUBE IN A GROUP OF INFUNDIBULA. 

(K.A.S.) 

B, bronchial tube; l.b., lobubir bron- 
chiole ; A, atrium ; i, infundibulum ; C, 
alveoli. 

The muscular fibres, which in the 

trachea and bronchi are confined to 

the back part of the tube, surround 

the bronchial tubes with a continuous 

layer of annular fibres, lying inside 

the cartilaginous plates (b) ; they 

are found, however, beyond the 

place where the cartilages cease to exist, and appear as irregular annular fasciculi 

even in the smallest tubes. 

Pulmonary alveoli. — ^At the point where the small bronchial tubes lose their 
cylindrical character, and begin to be beset with air-cells, their structure also 
gradually undergoes a change. The muscular layer almost disappears, the longitu- 





Fig. 201. — Section of part of cat's lung, stained with nitrate of silver (Klein and Noble 

Smith). Highly magnified. 

The small granular and the large flattened cells of the alveoU are sho^xrn. In the middle is a section 
of a lobular bronchial tube, with a patch of the granular pavement epithelium-cells on one side. 

dinal elastic bundles are broken up into an interlacement of elastic tissue, which 
surrounds the mouths of the air-cells and the walls of the infundibula, and 
the columnar ciliated epithelium gives place to a stratum of non-ciliated cells. The 
change in the character of the epithelium first occurs in the lobular bronchioles, 
where patches of small pavement epithelium-cells begin to appear amongst the 
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ciliated cells, especially in the neighbourhood of the air-cells upon the walls of these 
tubes. At the end of the lobular bronchiole, near the passage to the infundibula, 
all the cells which line the wall of the tube are of the non-ciliated pavement variety. 
Bat the air-cells themselves, both those which are scattered over the respiratory 
bronchioles and those which cover the infundibula, as well as intermediate portions 
of the infundibula which occur here and there between the air-cells, possess an 
epithelium of a peculiar character. The cells of this epithelium are of two kinds, 
viz. : — 1, large, thin, very delicate cells, irregular in size and shape, lying over the 
blood-vessels, but also in many cases extending over the interstices between them ; 
and, 2, small, flat, polygonal, nucleated cells, which lie singly or in small groups 
of two or three cells, between the others, and always in the interstices of the capillary 
network. These are similar to the cells which are found in patches in the lobalar 
bronchioles. If the lung is greatly distended they also become flattened out. 

In the foetus the alveoli are entirely lined with small granular pavement cells, but with 
the distension which f oUows upon the first respiratory efforts most of the cells become trans- 
formed into the large thin epithelial elements above described. 

The walls of the alveoli, which mainly consist of an indistinctly fibrillated 
connective tissue, with corpuscles scattered here and there, are supported and 

Fig. 202. — Portion op the outer surface 
07 THE cow's LUNO (from Kolliker, after 
Harting). Magnified SO diameters. 

a, pulmonary vesicles fiUed artificially 
with wax ; b, the margins of the smaUest 
lobules or infundibula. 

strengthened by scattered and coiled 
elastic fibres, especially numerous 
near their orifices, in addition to 
which, according to some authori- 
ties, there is likewise an intermixture 
of muscular fibre-cells. A number 
of leucocytes, mostly granular and 
eosinophil, are usually to be found 
free in the air-cells and smaller bronchial tubes : not unfrequently they contain 
carbonaceous particles. By the migration of these cells into the pulmonary tissue, 
the carbon particles may be conveyed into the substance of the lung and thence 
into the lymphatics and bronchial glands. 

The air-cells in the natural state are always filled with air. They are readily 
seen on the surface and in a section of a lung which has been inflated with air and 
dried ; also upon portions of foetal or adult lung injected with mercury or wax 
(fig. 202, a, a). In the lungs of some animals, as of the lion, cat, and dog, they are 
very large, and are distinctly visible on the surface of the organ. In the adult 
human lung their most common diameter is about 0*25 mm. (y^^ inch), but it varies 
from 0*1 mm. to 0*4 mm. ; they are larger on the surface than in the interior, and 
largest towards the thin edges of the organ : they are also very large at the apex of 
the lung. Their dimensions go on increasing from birth to old age, and they 
are larger in men than in women. In the infant the diameter is usually under 
0-12 mm. 

The whole lung has a lobulated structure best seen in the foetus, where the lungs, 
not yet distended with air, present very much the appearance of compound race- 
mose glands. The infundibula may be regarded as corresponding to the smallest or 
ultimate lobules of such a gland. They produce the appearance of polygonal areas 
enclosing groups of six or eight air-cells which are seen at the surface of the lung 
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(fig. 202), The infundibula are grouped into larger or secondary lobules, and these 
again into yet larger divisions. The various lobules are united and separated by 
connective tissue in variable amount, more between the larger and less between the 
smaller groups. From the mutual compression to which they are subjected the 
lobules are bounded by flattened sides, and they are compactly fitted to each other 
and to the larger air-tubes and vessels of the lungs. 

Blood-vessels, lymphatics, and nerves of the lungs. Pulmonary 
vessels. — The branches of the pulmonary artery accompany the bronchial tubes, 
but in their remote ramifications they subdivide more frequently. The main arterial 
trunk runs down immediately behind the main bronchial trunk, giving off corre- 
sponding branches as it proceeds. They ramify without anastomoses, and at length 
terminate in small arteries about 0'025 mm. (toW inch) in diameter, which lie 
between the alveoli, partially encircling their mouths (fig. 203, h). From these 




Fig. 203.~Sbction op injcotjid luho, including bkveral oontiouous alybou (P. B. Sohaltse). 

HlQHLT HAONIFIBD. 

a, a, free edges of aWeoli ; e, c, partitions between . neighbonring aWeoli, seen in section ; h, BmaU 
arterial branch giving off capillaries to the alveoli. The looping of the vessels to either side of the 
partitions is well exhibited. Between the capillaries is seen the homogeneous alveolar wall ?rith nuclei of 
connective tissue corpuscles, and elastic fibres. 

vessels the capillary network arises, and covers each alveolus, passing in the inter- 
alveolar septa between the adjacent air-cells. As was pointed out by Rainey, the 
capillary network in these partitions is single in the lungs of man and mammalia, 
the capillaries winding through the septa from one alveolus to the other, although 
in the lungs of amphibia and reptiles the capillary network of each alveolus is 
distinct. 

The capillaries are fine, and the network they form so close that the meshes are 
scarcely wider than the vessels themselves. They are very superficial, being covered 
only by the thin layer of tesselated epithelium above mentioned, and in the parti- 
tions between contiguous alveoli the vessels of the network project on either side in 
an arched or loop-like manner into the cavities of the alveoli (fig. 203). The 
mucous membrane of the bronchial tubes, especially near the air-cells, is partly 
supplied with blood from branches of the pulmonary artery. 



186 ORGANS OF RESPIRATION AND VOICE. 

The radicles of the pulmonary veins arise from the capillary network of the 
alveoli and from that of the smaller bronchial tabes. Their radicles are collected in 
the septa between the infnndibala, apart from the terminations of the arteries and 
bronchioles. The branches of these veins which arise from the infnndibnla near 
the surface of the lung run alone for a certain distance through the substance of 
the organ. They finally either join some deeper vein which is passing towards the 
hilum, or they remain superficial, forming a wide-meshed plexus near the surface 
of the lung, finally tending towards the hilum to join the larger veins near the root 
of the lung. The veins from the more deeply lying infundibula form frequent 
communications, and finally coalesce into large branches, which ultimately accom- 
pany the bronchial tubes and arteries^ coursing as a rule in front of the bronchial 
tubes, and thus proceed to the root of the lung. In their course together through 
the lung the artery is usually found above and behind a bronchial tube, and the vein 
below and in front. 

The pulmonary vessels differ from the systemic in regard to their contents, 
inasmuch as the arteries convey dark blood, whilst the veins carry red blood. The 
pulmonary veins, unlike the other veins of the body, are not more capacious than 
their corresponding arteries ; indeed, according to Winslow, Santorini, HaUer, and 
others, they are somewhat less so. These veins have no valves. The arteries of 
different secondary lobules are usually independent, the veins freely anastomose. 

Bronohial ▼essels. — The bronchial arteries and veins, which are much smaller 
than the pulmonary vessels, carry blood for the nutrition of the lung. The 
bronchial arteries^ from one to three in number for each lung, arise from the aorta, 
or from an intercostal artery, and follow the divisions of the air-tubes through the 
lang. They are ultimately distributed in three ways : (1) many of their branches 
ramify in the bronchial lymphatic glands, the coats of the large blood-vessels, and 
in the walls of the bronchial tubes, supplying an outer capillary plexus with trans- 
verse meshes to the muscular coat, and an inner plexus with close longitudinal 
meshes to the mucous membrane, which in the lobular bronchioles is continuous 
with that supplied by the pulmonary artery ; (2) others form plexuses in the inter- 
lobular areolar tissue ; (8) branches spread out upon the surface of the lung 
beneath the pleura, forming plexuses and a capillary network. 

The bronchial veins have not quite so extensive a distribution in the lung as 
the bronchial arteries, since part of the blood carried by the bronchial arteries is 
returned by the pulmonary veins. The superficial and deep bronchial veins unite at 
the root of the lung, opening on the right side into the large azygos, and on the left 
usually into the left upper azygos vein. 

According to Zuckerkandl it is not only at the extremities of the bronchial tnbes that the 
blood brougrht by the bronchial arteriee is returned by the pulmonary veins, but in other parts 
small bronohial veins open into pulmonary branches ; and even veins which receive branches 
from the larger bronchia, from the bronchial glands, and from the posterior surface of the 
I>ericardium, empty their contents partly into the great trunks of the pulmonary veins. 

A few small branches of the intercostal arteries also pass to the pulmonary pleura and 
surface of the lung through the ligamentum latum pulmonis (Turner;. 

Lymphatics. — The alveolar lymphatics of the lung take origin frx)m lymphatic 
capillaries in the interalveolar septa, and those near the surface of the lung come into 
connection with the subpleural lymphatic plexus, previously mentioned (p. 174). 
They join to form vessels which accompany the branches of the pulmonary artery 
and vein, running on the walls of those vessels in twos or threes, connected by 
numerous cross branches, and in some cases almost completely surrounding the 
blood-vessel. 

Other lymphatics, which may be distinguished as bronchial^ originate in 
plexuses in the mucous membrane of the bronchial tubes. Hence they pass 
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through the mascular coat to form another plexus in the fibrooB layer, where they 
are most namerons on the side opposite the accompanying branch of the pnlmonary 
artery. Here they are not nnfrequently found to enclose nodules of lymphoid tissue. 
The branched connective tissue corpuscles and cell-spaces with which the lymphatics 
are in connection at their origin, send processes upwards to the inner surface of the 
air tubes and alveoli, between the epithelial cells (like the pseudostomata of the 
serous membranes). Lymphoid tissue is found, according to Arnold, in various 
parts, viz., under the pulmonary pleura ; in the perivascular and peribronchial 
tissue ; in the bronchial wall, and around the alveolar passages. 

At the root of the lung the superficial and deep lymphatics unite into a few 
anastomosing trunks before entering the bronchial lymphatic glands. 

Herves. — The nerves of the lung come from the anterior and posterior pul- 
monary plexuses^ which are formed chiefly by branches from the pneumo-gastrio 
nerves, joined by others from the sympathetic system. The fine nervous cords 
enter at the root of the lung, and follow the air-tubes. According to Remak, whose 
account has been confirmed and added to by the more recent observations of 
Stiriing and others, they include both white fibres, derived in all probability from 
the vagus, and grey filaments proceeding from the sympathetic, and have ganglion- 
cells, both singly and in groups, upon them in their course. In the lower verte- 
brates (frog, newt) the nerves are chiefly distributed to a layer of plain muscular 
tissue, which is everywhere found taking part in the composition of the relatively 
simple pulmonary wall (Stirling). Berkeley has described the nerve-endings in 
mammals as forming a plexus of fine fibrils with interspersed stellate cells such as 
have been noticed in many glands and mucous membranes. The ultimate ending 
appears to be in open arborisations upon and between the alveoli. 
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THE URINARY ORGANS. 



By E. a. SCHAFBR and J. SYMINGTON. 



Th£ urinary organs consist of the kidneys, the glands by which the urine is 
secreted, and the ureters, bladders and urethra, serving for its reception and 
evacuation. 

THE Kn>]N'EY& 

The kidneys, two in number, are deeply situated in the loins^ lying one on each 
side of the vertebral column, at the back part of the abdominal cavity, and behind 




Fig. 204. — OuTLiNB VIEW or the kidneys from behind, constructed vrom a series of horizontal 

SECTIONS THROUGH THE TRUNK OP AN ADULT MALE. (J. S.) 

R.K., L.K., right and left kidneys; e.s., outer border of erector spinee muscle ; Q.L., outer border 
of quadratus lumboinim muscle ; i.e. , iliac crest ; p. p. , dotted line to show lower limit of costal pleura. 

the peritoneum. The upper and greater part of each kidney is situated in the 
hypochondriac and epigastric regions, but the lower end usually extends into the 
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adjacent portions of the lumbar and umbilical regions. Tbej are on a level with 
the last dorsal and the upper two or three lumbar vertebrae (fig. 204), the right 
kidney being usually a little lower than the left, probably in consequence of the 
vicinity of the great right lobe of the liver. They are maintained in this position 
by their vessels, by a quantity of surrounding loose areolar tissue, which usually 




Fig. 205.— The urinary organs of the female from behind (Henle). 

R, right kidney ; U, commencement of the ureter ; A, aorta, Ar, right renal artery, Vc, vena cava ; 
Vr, right renal vein ; Vu, urinary bladder ; Ua, commencement of urethra. J 

contains much fat {capsula adiposa), and by the tonicity of the muscles of the 
abdominal wall. 

The kidneys measure about four inches (100 mm.) in length, two-and-a-half 
inches (60 mm.) in breadth, and one-and-a-quarter or one-and-a-half in thickness. 
The left is usually longer and narrower and a little heavier than the right. The 
weight of the kidney is usually stated to be about four-and-a-half ounces in the male, 
and somewhat less in the female. Vierordt gives 277 g. as the weight of the two 
kidneys together in the male. The specific gravity is about 1-050. 
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Form and relations. — The surfaoe of the kidney is smooth and of a deep red 
colour. It is bean-shaped, and possesses two surfaces, an anterior looking forwards 
and outwards, and vi posterior backwards and inwards ; two borders, an outer, which 
is convex, and an inner, concave ; and two somewhat enlars^ed convex extremities, 
upper and lower. Its long axis is directed from above downwards and slightly 
outwards. The posterior surfaces of the two kidneys lie against the abdominal 
wall and are nearly identical in their relations, but the connections of their 
anterior or visceral surfaces diflTer on the two sides. The jwsterior surface, 
embedded in areolar and adipose tissue and uncovered by peritoneum, rests upon the 
last rib and sometimes, more particularly on the left side, also upon the eleventh 
rib ; the diaphragm ; the anterior layer of the lumbar aponeurosis covering the 
qnadratus lumborum, and the psoas, these two muscles intervening between the 
kidney and the transverse processes of the first and second lumbar vertebrae. The 
pleura descends behind tha upper part of the kidney, separated, however, from 
it by the diaphragm. Below the twelfth rib the last dorsal, ilio-inguinal and 

A H 





Fig. 206.— DIAlRlSf TO ILLUSTRATB THB RELATIONS 07 THB KIDHST0, AS SKIN FROM BXFORS. (J. S.) 

A, rijJU kidney ; S, area for right suprarenal capsule, non-peritoneal ; L, area for liver, peritoneal ; 
D, area for second part of duodenum, non-peritoneal ; C, area for ascending colon and hepatic flexure 
of colon, non-peritoneal ; J.L, area for convolutions of jejuno-ileum, peritoneal. B, left kidney ; 
8, area for left suprarenal capsule, non-peritoneal ; St, area for stomach, peritoneal ; Sp, area for 
spleen, peritoneal ; C, area for splenic flexure and descending colon, non-peritoneal ; J. I., area for 
convolutions of jejuno-ileum, peritoneal ; P, area for pancreas, non-peritoneal. 

ilio-hypogastric nerves pass outwards behind it. The anterior surface of the right 
kidney is covered on its upper and outer part by peritoneum which intervenes 
between it and the large renal impression on the liver. Near its inner border the 
second part of the duodenum descends in contact with it, while more externally it is 
crossed by the commencement of the transverse colon ; both those portions of the 
intestine are destitute of peritoneum posteriorly. The lower end of the right 
kidney is again covered by peritoneum. The anterior surface of the left kidney is 
crossed transversely, just above the level of the hilum, by the pancreas and the 
splenic vessels. Above this there is usually a small area covered by the stomach, 
the lesser sac of the peritoneum intervening. Below the pancreas it is separated 
from some coils of the small intestine by the peritoneum. The upper end of the 
right kidney is capped by the right suprarenal capsule and the liver, and that of the 
left kidney by its capsule and the spleen. The lower ends of the kidneys are 
generally smaller than the upper. They reach on an average to within about 2 inches 
of the iliac crest. The outer border of the right kidney is covered in about its 
upper two-thirds by the liver, and the left kidney in its upper half or more by the 
spleen. The ascending colon on the right side and the splenic flexure and descending 
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colon on the left are found at the lower and outer parts of the right and left 
kidneys respectively. The inner border presents about its middle third a vertical 
fissure termed the hilum^ which is bounded by anterior and posterior lips. The 
direction of the hilum varies considerably in different subjects and even on the two 
sides in the same individual, but as a rule it looks more forwards than towards 
the middle line, and not unfrequently the posterior lip reaches as far forwards 
as the anterior one. 

D. J. Cunningham has shown that the kidneys when hardened in situ present 
facets corresponding to the viscera with which they are in contact, and the posterior 
surfaces also have slight depressions opposite the last rib, and the transverse 
processes of the upper two lumbar vertebrce. 

Varieties. — The kidneys sometimes vary from their normal form, being: either longer and 
narrower, or shorter and more rounded. The characteristic foetal lobulation may persist in 
the adult. Occasionally one kidney is very small, while the other is proportionately enlanred. 
Upward displacement is very uncommon, but they are often found lower than normal, lying 
more or less entirely in the iliac fossa, or with their lower ends projecting into the true 
pelvis. Numerous cases are recorded of absence of one kidney, most frequently the left. 
The single kidney is usually enlarged, but not invariably. The occurrence of an additional 
kidney is extremely rare, the supernumerary organ is placed either in front or on one side of 
the vertebral column or in the pelvic cavity. 

Instances are now and then met with in which the two kidneys are joined by their lower 
ends across the front of the great blood-vessels and vertebral column. The conjunct organ 
has usually the form of a horse-shoe. Sometimes two united kidneys are situated on one or 
other side of the vertebral column in the lumbar region, or, but much more rarely, in the 
cavity of the pelvis. 

The kidney may be i/utrable owing to the laxity of its aroolar and adipose oai^ule, or in 
rare cBae& floating , when it has a more or less distinct mesonephron, and the peritoneum moves 
with the organ. These conditions occur much more frequently in connection with the right 
than the left kidney. 

Structure. — The kidney is surrounded by a proper fibrous coat, which forms a 
thin, smooth, but firm investment, closely covering the organ. It consists of dense 
areolar tissue, with numerous fine elastic fibres, and can easily be detached from the 
substance of the gland, to which it adheres by minute processes of connective 
tissue and vessels. Underneath the capsule in the human kidney is an incomplete 
layer of plain muscular fibres. 

On splitting open the kidney by a longitudinal section, from its outer to its 
inner border, the fissure named the hilum (fig. 207, A, h) is found to extend some 
distance into the interior of the organ, forming a cavity called the sinus of the 
kidney («). This is enclosed on all sides except at the hilum by the solid substance 
of the organ ; and is lined by an inward prolongation of the fibrous coat. The 
solid part consists of cortical and medullary substance ; the latter being arranged in 
separate conical masses named pyramids of Malpighi with their broad bases 
(^, b) directed towards the surface, and their points towards the sinus, where they 
form prominent papilla. The pyramids are embedded in the cortical substance, 
which separates them from each other, and encloses them everywhere except at the 
papillae, which emerge from it and project into the sinus. 

The external or cortical substance (a) is situated immediately within the fibrous 
capsule, and forms the superficial part of the organ throughout its whole extent to 
the depth of about 4 mm., and moreover sends prolongations inwards (septula 
renum or columnce Bertini) between the pyramids as far as the sinus and bases of 
the papillae. It is of a nearly uniform light crimson-brown appearance, and is soft 
and easily lacerated in directions vertical to the surface. The medullary portion of 
the kidney is more dense than the cortical, and is distinctly striated, owing to its 
consisting of small diverging uriniferous tubes, and to its blood-vessels being 
arranged in a similar manner. There are generally more than twelve pyramids, but 
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their number is inconstant, varying from eight to eighteen. Towards the papillae 
the pyramids are of a lighter colour than the cortical substance, but at their base 
they are usually purplish and darker. 

Excretory apparatus. — On squeezing a fresh kidney which has been split 
open, a little urine will be seen to drain from the papillae by fine orifices on their 
surface. The secretion is carried away and conveyed into the bladder by the ureter. 
This long tube on being ti-aced up to the kidney is seen to be somewhat enlarged, 
and then to expand as it enters the hilum, into a large funnel-shaped dilatation 
named the ^e/m (fig. 208, P). This, within the sinus, divides usually into three, 
but sometimes only two primary tubular divisions, and these at length end in a 
larger number of short, truncated but comparatively wide branches named calices or 
infundibula, which receive the papillae into their wide mouths and are attached 





Fig. 207. — Plan op a longitudinal section through thk pelvis and substance op the right 

KIDNEY. OnS-HALP THE NATURAL SIZE. 

a, the cortical 8tib»tai)ce ; &, ft, broad part of two of the pyramids of Malpighi ; c, c, the diyisions 
of the pelvis named calices, or infundibula, laid open ; </. one of these unopened ; of, d, summit of the 
pyramids or papillae projecting into calices ; ty «, section of the narrow part of two pyramids near the 
calices ; p^ pelvis or enlarged portion of the ureter within the kidney ; v, the ureter ; «, the sinus ; A, 
the hilum. 



Fig. 208.— Cast op the interior op the upper end op the ureter. 
P, pelvis ; U, ureter. 



(Henle.) 



around the bases of those prominences from which, of course, they catch the 
issuing urine. 

A single calix often surrounds two, sometimes even three papiUte, which are in 
that case united together ; hence, the calices are in general not so numerous as the 
papillae. The spaces between the calices are occupied by a considerable amount of 
fat, imbedded in which are seen the main branches of the renal vessels. 

Like the rest of the ureter, the pelvis and greater part of the calices consist of 
three coats, viz., a strong external fibrous and elastic tunic, which becomes 
continuous around the bases of the papillae with that part of the proper coat of the 
kidney which is continued into the sinus ; secondly, a thin internal mucous coat, 
which, or at least its epithelium, is reflected over the summit of each papilla ; and 
thirdly, between these two, a double layer of muscular fibres, longitudinal and 
circular. The longitudinal fibres are lost near the extremity of the calix, but the 
circular fibres, according to Henle, form a continuous circular muscle round the 
papilla where the wall of the calix is attached to it. 

VOL. III., PT. 4. O 
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The pyramidal masses found in the adult kidney indicate the original separa- 
tion of this gland into lobules in the earlier stages of its growth. Bach of these 

Fig. 209. — DiAORAM or a sbction throuoh part 

or THE KIONKT PARALLEL TO THE MBOULLART 

TUBULES. (Testut ) 

Of papillary zone ; 6, boundary zone ; e^ cortical 
zone. 1, apex of papilla ; 2, capsule ; 3, clear 
strife of boundary zone, formed by tubules of 
meduUa ; 4, dark strife of boundary zone formed 
by vasa recta ; 5, vascular arches ; 6, medullary 
rays ; 7, labyrinth ; 8, interlobular vessels ; 9» 
Malpighian corpuscles ; 1 0, subcapsular layer. 

primitive lobules is in fact a pyramid 
surrounded by a proper investment of 
cortical substance, and is analogous to 
one of the lobules of the divided kidneys 
seen in many mammals. As the human 
kidney continues to be developed, the 
adjacent surfaces of the lobules coalesce 
and the gland becomes a single mass ; 
the contiguous parts of the originally 
separate cortical investments, being 
blended together, form the partitions 
between the pyramids already described. 
Moreover, upon the surface of the 
kidney even in the adult, after the 
removal of the fibrous capsule, faintly 
marked furrows may be traced on the 
cortical substance, opposite the intervals 
in the interior between the several Malpighian pyramids; and not unfrequently 
instances occur in which a deeper separation of the original lobules by grooves, 
remains apparent in the adult kidney. 





Fig. 210. — Dlaoram or the ooursb of the tubules in a uni-pyramidal kidnbt, such as that 

or THE RABBIT. (Toldt.) 

a, Malpighian bodies ; b, first convoluted tubule ; c, d, looped tubule of Henle ; e, second convoluted 
tubule ; /, coUecting tube ; g, ducts of Bellini. 
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Tnbnli nriniferi. — On examining the summit of one of the papilte carefully, 
especially with the aid of a lens, a number of small orifices may be seen varying in 
diameter from 0*06 to 012 mm. They are frequently collected in large numbers 
at the bottom of a slight depression or foveola found near the summit of the papilla, 
but most commonly the surface is pitted over with about a score of small depressions 
of this sort On tracing these minute openings into the substance of the pyramids, 




T\g. 211. — PlAORAM OF THE COURSE OF TWO URINIFKR0U8 TUBULES. (Klein.) 

A, cortex ; B, boundary, zone C, papillary zone of the medulla ; a, a\ superficial and deep layers of 
cortex, free from glomeruli. For the explanation of the numerals, see the text (p. 197). 

they are discovered to be the mouths of small tubes or ducts, the uriniferous tubes 
before mentioned, which thus open upon the surface of the several papillaB into the 
interior of the calices. 

As these tubules pass up into the pyramidal substance, they bifurcate again and 
again at very acute angles, their successive branches running close together in 
straight and slightly diverging lines, and they continue thus to divide and subdivide 
until they reach the sides and bases of the pyramids, whence they pass, greatly 
augmented in number, into the cortical substance. In the cortical pai't the straight 
tubules belonging to a Malpighian pyramid are continued for some way, in several 

2 



M6 



THE URINARY ORGANS. 



groups or bundles, the tubules in the centre of which approach nearer the surface 
than those at the sides. These bundles are known as the medullary rays (fig. 209, 6) 




Fig. 212. — Three malpiuhuk corpuscles and ukiniperous tubules of a touno mammal showing 

THREE STAGES OF FORMATION OP THE LOOPED TUBULES, AND THE ADHERENCE OP THE BEOINHIHO 
OP THE SECOND CONVOLUTED TUBES TO THE MALPIOHIAN CORPUSCLES. (Golgi.) 

of the cortex, and the cortical substance between and around them is termed, on 
account of the intricate arrangement of its tubules, the labyrinth of the cortex (7). 
The part of the pyramid which is nearest the cortical substance contains a 
number of pencil-like bundles of small blood-vessels, which originating from arterial 
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and venous arches at the junction of cortex and medulla, dip into the pyramid, and 
thus commence the separation of its tubules into the bundles which are continued 
into the cortex as the medullary rays. The portion of the pyramid which is thus 
broken up is termed the boufidary zone (fig. 209, h). 

Course of the tubules. — Each tube commences in the labyrinth of the cortical 
substance by a spherical dilatation enclosing the vascular Malpighian tufts to be 
afterwards described. 

Emerging from this dilatation (fig. 211, 1), which is known as the capsule (2), the 
tubule iaat first convoluted and wide (first convoluted tubule, 2, 3), but on approaching 
the medullary ray it becomes nearly straight with a slight tendency to a spiral 
(spiral tubule of Schachowa, 4). At the junction of cortex and medulla the spiral 
tube rapidly narrows and passes straight down through the boundary zone towards 
the apex of the pyramid (5). After a shorter or longer course, however, it loops 
upwards again (6) becoming enlarged in the boundary zone (7), but somewhat smaller 
again above this (8, 9) where it passes again up the medullary ray. The part of 
the uriniferous tube which thus dips down towards the papilla and turns upwards 
again is known as the looped tubide of Henle. On emerging from the medullary ray 
the tubule is characterized by great irregularity of outline (irregular tubule, 10) 






Fig. 213.— DlAQBAM SHOWING SBVXRAL PHASES OF DBVXLOPKBKT OF THE UBINIFKB0U8 TUBULE. 

(Golgi.) 

before again becoming convoluted (5f»f(?w^ f(?ni'oZw/ed^ tubule, 11). Finally this last 
is connected with one of the collecting tubules of the medullary ray by a small 
jututional tubule (12), and the collecting tubes (13, 14, 15) uniting with one another, 
as already noticed, become gradually larger as they pass to open as exci'etory tubes at 
the summit of the papilla (fig. 210). 

According: to the observations of Golgi, the Malpighian corpuscle of each uriniferous tube 
is always intimately adherent to a part of the tube near the commencement of the second 
convoluted tubule (fig. 212), and has retained this adhesion from its earliest appearance in the 
embryo, when the tube is an S-shaped projection from the collecting tube. For of the three limbs 
of the S, the lowermost embraces the glomerulus, and forms the Malpighian corpuscle : the 
middle one develops into the first convoluted tube, and all the parts of the tube of Henle 
(including the spiral and irregular tubes) while the upper part of the S forms the second con- 
voluted and junctional tubes (figs. 212, 213). 

Stmctnre of the tubules. — The tubules consist in every case of a basement 
membrane and epithelium, but the character of the latter as well as the size of the 
tubes varies considerably in the different parts. 

The capsule (fig. 21G, a) is lined by a layer of flattened cells, which is 
reflected over the contained tuft of blood-vessels, dipping between the separate 
bunches of which this- is composed. This layer is much more easily recognized in 
the foetus and young subject than in the adult (fig. 215). At the commencement 
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of the conyoluted tnbale and sometimes, as in the mouse, even in the part of the 
Malpighian corpuscle nearest the tubule, the epithelium becomes cubical. It has 
been stated by Hassall (vnrious mammals), and by Klein (mouse) that the epithelium 
here is provided with cilia, but the statement requires confirmation. In lower 
vertebrates, as in the frog, the existence of cilia in this place has long been known. 
The first convoluted tubule has an epithelium of a peculiar character (Heiden- 
hain). The part of the cell which encloses the nucleus is composed of ordinary 
granular-looking protoplasm, but the part next to the basement membrane is 
chiefly made up of straight or nearly straight rods or fibrils placed vertically 
to the basement membrane and extending a variable distance towards the 

Fig. 214. — Portions of kidnst tubulbs (isolated). (Cadiat) 
a, large collecting tubule ; h, loop of Henle. 

lumen (figs. 216, 217), but usually occupying the greater 
part of the cell, although there is always a stratum of 
homogeneous or granular substance bounding the cell 
towards the lumen. The nucleus is spherical. The cells 
are with difficulty separated from one another, at least in 
some animals {e.g,j dog), owing to their possessing lateral 
ridge-like processes (fig. 217, e; fig. 218) which interlock 
with one another (Schachowa). 

The spiral tubule of Schachowa is the continuation of 
the convoluted tubule into the medullary ray, and possesses 
a similar epithelium (fig. 216, e). Towards its termination, 
however, the cells become shorter and less distinctly fibril- 
lated, but split up more completely at their borders into 
ridges with intervening furrows, especially in the part of the 
cell next to the basement membrane, so that the cells bear 
somewhat the aspect of columns deeply fluted at their base. 
Between these fluted cells, others of clearer aspect are found 
fitting in, and having an expanded base which extends partly 
underneath them. According to Schachowa they are present 
also in the convoluted tubules proper. 

In the narrow tube which forms the descending limb of 
Henle's loop, the epithelium is quite low, and flattened 
against the basement membrane. The protoplasm is clear 
and the nucleus prominent. The ridge-like processes at 
the base of the cells are said not to be altogether absent even here. 

The loop of Henle has an epithelium similar in character to that of the descending 
limb. 

In the ascendiiig limb of the looped tubule the epithelium again takes on the 
character which is exhibited in the first convoluted and spiral tubes, but the cells 
are rather smaller, the lumen of the tube relatively larger, and the intracellular 
rods not so long as in those tubes. The cells of this segment are sometimes set 
obliquely so as to overlap one another. In the human subject they contain brown 
pigment-granules (Klein). This tubule is apt to exhibit a spiral character. It is 
divisible into three parts, viz., a lowermost tapering part, a part in the boundary 
zone (fig. 211, 7, 8) which is the largest, and a part in the cortical zone (9) which 
is narrow and has strongly rodded epithelium, and may be looked upon as the 
commencement of the next tubule. 

In the irregular tubules the rod-like structure of the cells is very distinct 
(fig. 216, b). The cells are very unequal in size, the irregularity of the tubules 
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beiDg thus compensated, and the lamen rendered nearly the same thronghoat. 
The nacleos is oval. These tubules are said to lack a basement membrane. 

The second convoluted tubule (intercalary tube, Schweigger-Seidel) is like the first 
in size, but has a different kind of epithelinm. The cells, which are rather long. 

Fig. 215. — SSCTION OP^ CORTICAL SUBSTANCE OF 
KIDNBY : HUMAN F<STU8. HlOHLY UXQ- 

HiFiBD. (Klein.) 

a, glomeraius with blood-vessels not folly 
dereloped ; 6, connective tissue between the 
blood-vessels; c, epithelium covering it continuous 
with dj flattened epithelium lining Bowman's 
capsule ; /, /, convoluted tubes. 

with a relatively large nucleus, present 
a peculiar highly refractive appearance, 
and where they rest on the membrana 
propria, the protoplasm exhibits pro- 
jections which fit between those of 
neighbouring cells. 

The jumtional tubule, which unites 
the last-named to the collecting tubes, 
is narrow, but its lumen is relatively 
large. It is lined by clear fiattened 

or cubical cells ; but between them some cells are found which are 
appearance to the cells which line the segment just described. 




similar in 




Fig. 216.— TuBULBS FROM A SBOMON OF THE Doo's KIDNBY. (Klein and Noble Smith.) 
a, Capsule, enclosing the glomerulus ; n, neck of the capsule ; c, c, convoluted tubules ; 6, 
irregular tubules ; d, collecting tube ; e, f, spiral tubes ; /, part of the ascending limb of HenlcB loops 
here (in the medullary ray) narrow. 

The collecting tubes, which are characterised by their straight course and 
veiy distinct lumen (fig. 216, d), are lined by a clear cubical epithelium, the cells 
of which are at first somewhat irregular, but become longer and more regular as 
the tubes approach the papilla. 
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; III: the larger collecting or excretory tubes {dmts of Bellini) the form of the 
cells is typically columnar, modified only by the form of the surface which they 
cover. In these largest tubes the basement membrane is said to be absent, the 
epithelium cells resting directly upon the connective tissue. 




H 
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Fig. 217. — To ILLUSTRATK THK STBUCTURB OF THE KPITHKLIUM OP THE CONVOLUTED TUBULES 

(from Heidenhain). 

d, section of a conyoluted tubule from the rat, showing the unaltered protoplasm occupying a 
circular area around the nucleus of each cell ; a, 6, c, isolated cells from the convoluted tubules of the 
rat ; e, isolated cells from the dog's kidney, viewed from the inner surface, and showing the irregular 
contour of the protoplasm ; /, isolated cells from the newt, showing the rods and the homogeneous 
cnticular layer ; ^, longitudinal optical section of part of a convoluted tubule from the dog's kidney. 

The characters of the epithelium in the several parts of a uriniferous tube may 
be thus concisely stated, viz., clear flattened cells in the capsule, the descending 
part of Henle's loop and the loop itself ; granular-hoking rodded epithelium with 




Fig. 218. — Portion of ▲ convoluted tubs from the kidney, showing the irregularly fluted 
OUTLINES OF THE CELLS. (Landaucr. ) 

fluted interlocking borders in the convoluted tubules, the spiral tubules, the 
ascending limb of Henle's tubule, and in the irregular tubule ; clear cubical or 
columnar cells in the junctional tubule, the collecting tubules, and the ducts of 
Bellini. 

Klein describes a very delicate nucleated membrane liningr the tubules within the epibhe> 
linm, in all the tubes except the descending limb of Henle's loop, and in the loop itself. 
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Blood-vessels. — The kidneys are highly vascular, and receive their blood froin 
the renal arteries, which are very large in proportion to the size of the organs they 
supply. Each renal artery divides into four or five branches, which, passing in at 
the hilum, between the vein and ureter, may be traced into the sinus of the kidney, 
where they lie amongst the infundibula, together with 
which they are usually embedded in a quantity of fat. 
Penetrating the substance of the organ between the 
papillae, the arterial branches enter the cortical sub- 
stance which intervenes between the pyramids of 
Malpighi, and proceed in this, accompanied by a 
sheathing of areolar tissue, and dividing and sub- 
dividing, to reach the bases of the pyramids, where 
they form arterial arches between the cortical and 
medullary parts, which however are not complete, and 
in this respect differ from the freely anastomosing 
venous arches which accompany them. From the 






Fig. 219. — MaLPIOHIAK CORPUSCLR from the rabbit's kidney : HITRATK of silver PUEPARATIOir. 

HIQHLT MAGNIFIED. (Ludwig. ) 

V, vas afferens, showing its epithelial lining : at v\ the tralnsTerse muscular fibres are also seen ; e, 
vas eflerens ; a, a\ basement membrane of capsule with epithelioid markings, passing at h into that of 
the commencing uriniferous tubule. 

Fig. 220. — Diagram of the distribution of the blood-vessels in the kidnet (from Ludwig). 
a/, ai^ interlobulnr arteries : r«, I'l, interlobular veins ; <7f a glomerulus ; vs^ stellate vein ; ar^ vr, 
arteriiB et vcnoe rectae forming pencil-like bundles, ab, vh ; v^p, venous plexus in the papillie. 



arches peripheral branches {arterict interlohulares (fig. 220, at)) are given off, which 
pass outwards between the medullary rays and amongst the convoluted tubules, 
pursuing a nearly straight course towards the surface of the organ. As they proceed 
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they give off at intervals short and usually curved branches {arterict. glomerulorum) 
which proceed without further division to the dilated ends of the uriniferous tubules. 
Within the capsule the small artery (vaa adferens) breaks up into a larger number 
of capillary vessels which have a convoluted arrangement, and are closely held 
together by connective tissue to form a spheroidal vascular tuft, the glomerulus of 
Malpighi. A vein (vas efferens) smaller than the artery, emerges from the glome- 
rulus close to the point where the artery enters ; but, instead of joining with other 
small veins to form larger venous trunks, as is the case in other organs, the efferent 
vessel divides into branches after the manner of an artery, and from these arises a 
dense network of capillaries which everywhere ramify over the walls of the urin- 
iferous tubules (fig. 221), the meshes of the network being polygonal amongst the 
convoluted tubules and elongated amongst the tubules of the medullary rays. But 
the efferent vessels from the lowermost glomeruli break up wholly into pencils of 
straight vessels {pseud-arierim reda (fig. 220, vr : fig. 223, ef) ) which pass directly 





Fig. 221. — Diagram showinq thk rklation of thb urinifkbous tubules to thb blood-vxssbls (after 

Bowman). 

a, one of the interlobular arteries ; a\ afferent artery passing into the glomeralos ; e, capsule of the 
glomerulus ; t, convoluted tube ; «\ t\ efferent vessels which subdivide in the plexus p, surrounding 
Uie tube, and finally terminate in the interlobular vein, t. 

Fig. 222. — LoBULBS ov olokkrulus of i*ig*s kidnbt. (Ludwig.) 

into the boundary layer of the medulla, and there supply the continuation down- 
wards of the medullary rays into the pyramid. 

The renal arteries g'ive branches likewise to the capsule of the kidney which anastomose 
with branches of the lumbar arteries, and that so freely that Ludwig was able partially to 
inject the kidneys of a dog from the aorta after the renal arteries had been tied. 

The blood is conveyed from the cortex of the kidney by veins {verue interlobulares) 
which accompany the interlobular arteries, and join the convex side of the venous 
arches which lie between the medulla and cortex, and also by veins which lie close 
beneath the capsule of the organ, and take origin by the convergence of minute 
venous radicles, so as to present a stellate appearance {vence siellulce). These vessels, 
which receive blood from the capsule of the kidney, pass inwards through the 
cortex and also join the venous arches. 

With the exception of the blood brought by the false arteriae rectae the blood 
supply of the medulla is to a great extent independent of that of the cortex, 
although of course the capillary network is continuous throughout. The pyramids 
are chiefly provided with blood by branches which come off directly from the 
concave side of the arterial arches, and passing down into the boundary layer of 
the medulla there divide to form bunches or peucils of parallel or slightly diverging 
minute vessels {arierue rect^^ fig. 220, ar), which by alternating with the bundles of 
uriniferous tubules which are passing up to the cortex to form the medullary rays, 
produce the characteristic streaked appearance of this part of the pyramid (see 
fig. 209), 
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The long meshed capillary network which is supplied by the arterioB rectae 
is continued down to the apex of the papilla. Here the veins of the pyramid 
commence in a close plexus of small venous radicles surrounding the excretory 
ducts near their orifices (fig. 220, vp). Passing outwards towards the base of the 
pyramid, and receiving lateral bi'anchea at acute angles from its capillary network, 
the same veins become collected together into pencils, the vessels of which (vena 
recta) are intermixed with the arterise rectae, and unite into vessels which open into 
the concave side of the venous arch. 

The venous trunks thence proceed, in company with the arteries, through the 
cortical septula between the pyramids, to the sinus of the kidney. Joining 




Fig. 223. — Injbotkd qloxbrulus from the inner part or the cortical substance of the hoksb*8 
KiDNBT. 70 DIAMETERS (from KolUker after Bowman), 
a, interlobalar artery ; of, afferent vessel ; m, m, convolated vessels of the glomerulus ; ef, efferent 
vetsel ; b, its subdivision in the medullary substance. 

Fig. 224. — Section across a papilla of thb kidnbt. (Cadiat.) 
a, ducts of Bellini ; b, c, d, tubes of Henle, ascending and descending ; c,/, blood •capillaries. 

together, they escape from the hilum, and ultimately form a single vein, which lies 
in front of the arteiy, and ends in the inferior vena cava. 

Lsrmpliatics. — The lymphatics of the kidney are numerous, consisting of a 
superficial set forming a plexus in the fibrous capsule, and of deep lymphatics which 
issue from the hilum with the blood-vessels. Ludwig and Zawarykin showed 
that there exists a network of freely intercommunicating lymphatic spaces between 
the tubules, in communication both with the lymphatics of the surface and those 
which issut; with the blood-vessels at the hilum. They are most abundant in the 
cortical substance. 

Verves. — The nerves which have been traced into the kidneys are small. They 
come immediately from the renal plexus a,nd the lessei' splanchnic nerves, and contain 
filaments derived from both the sympathetic and cerebro-spinal systems. They may 
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be traced accompanying the arteries as far as their iiner branches, and some fibrils 
ramify over and amongst the nriniferous tubnles, but it is uncertain how they end. 

Xntertubnlar stroma. — Between the tubules and vessels of the kidney, 
although they are disposed closely together, a small amount of interatitial connective 
tissue is found. It has a more fibrous character in the vicinity of the chief 
ramifications of the blood-vessels, and also around the Malpighian corpuscles, and 
the tubes of the medullary substance. It is more abundant in the neighbourhood 
of the papillas than in other parts of the kidney substance (fig. 224). 

THE URETEBS. 

The ureters are the two tubes which conduct the urine from the kidneys into 
the bladder. The dilated commencement of each called the peh'is^ which is partly 
situated in the sinus 6f the kidney, and into which the calices pour their contents, 
has already been described. Towards the lower end of the hilum of the kidney 
the pelvis becomes gradually contracted, and opposite the lower end of the gland 
assuming the cylindrical form receives the name of ureter. 

The ureters measure from fourteen to sixteen inches in length ; their ordinary 
width is that of a goose-quill. They are frequently, however, dilated at intervals, 
especially near the lower end. The narrowest part of the tube, excepting its orifice, 
is that contained in the walls of the bladder. 

Each ureter passes at first obliquely downwards and inwards to enter the cavity 
of the true pelvis, and then turns forwards and inwards to reach the base of the bladder. 
In its whole course it lies close behind the peritoneum, and is connected to neighbour- 
ing parts by loose areolar tissue. Superiorly it rests upon the psoas muscle and is 
crossed very obliquely from within outwards by the spermatic vessels which descend 
in front of it. The right ureter passes close to the outer side of the inferior vena 
cava, and often gets in front of this vessel. Lower down the ureter passes either 
over the common iliac or the external iliac vessels, behind the termination of the 
ileum on the right side, and behind the sigmoid colon on the left. D^cend- 
ing into the pelvis it lies beneath the layer of peritoneum forming the corre- 
sponding posterior false ligament of the bladder, and reaching the side of the 
bladder near the base (fig. 227, w), runs downwards and forwards in contact 
with it, below the obliterated hypogastric artery, and is crossed upon its inner 
side in the male by the vas deferens (») which passes down between the ureter 
and the bladder. In the female the ureter runs along the side of the cervix uteri 
and upper part of the vagina. According to HoU at the level of the origin of the 
obturator, vesical, and uterine arteries it begins to describe a bow-shaped curve 
three and three-fifths of an inch long, which extends to the bladder. This curved 
portion is crossed at the level of the external os uteri by the uterine artery which is 
separated from the ureter by a venous plexus. Here it lies three-fifths of an inch 
external to the cervix. It then passes on to the side wall of the vagina and near 
where it pierces the bladder lies between this organ and the anterior vaginal wall. 

Having arrived at the base of the bladder about two inches apart from one 
another the ureters enter its coats, and running obliquely through them for about 
three-quarters of an inch, open at length upon the inner surface by two narrow 
and oblique slit-like openings. When the bladder is distended these openings are 
situated about an inch-and-a-half from the urethral orifice, and about the same 
distance from one another. This oblique passage of the ureter through the vesical 
walls, while allowing the urine to flow into the bladder, has the effect of preventing 
its reflux. 

Varieties. — Sometimes there is no funnel-shaped expansion of the nreter at its npper end 
into a pelvis, but the cclices unite into two or more narrow tubes, which afterwards coalesce 
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to form the ureter. Occasionally the separation of these two tabes continues lower down 
than usual, and even reaches as low as the bladder, in which casa t'.ie ureter is double. In 
rare cases a triple ureter has been met with. Several instances are recorded in which a 
supernumerary ureter, proceeding from the upper part of the kidney, opened directly into the 
urethra. 

The rij:^ht ureter has been seen passing behind the inferior vena cava, and then turning 
forwards between that vessel and the aorta (Hochstetter, Morph. Jahrb., xxi, 636). 

In instances of long-continued obstruction to the passage of the urine, the ureters may 
become enormously dilated. 

Stracture. — The walls of the ureter are pinkish or bluish white in colour. 
They consist of an external fibrous coat, a middle coat of plain muscular tissue, and 
a mucous lining. The muscular coat possesses two layers of longitudinal fibres and a 
middle circular layer. 

The mucoiis membrane, thin and smooth, presents a few longitudinal folds when 
the ureter is laid open. It is composed of areolar tissue which becomes gradually 
loose towards the muscular coat, but there is no marked distinction into mucous and 
submucous layers. It is prolonged above to the papillas of the kidney, and below 
becomes continuous with the lining membrane of the bladder. The epithelium 
(fig. 225) is of a peculiar character, like that of the bladder. It is stratified, con- 





Fig. 225. — Epithblium from thb pelvis of thb human kidnet. (KbUiker.) 850 diameters. 
A, different kinds of epithelial cells separated ; 6, the same in situ. 

sisting of four layers (fig. 225, b, in section), in the uppermost of which the cells 
are somewhat cubical, with depressions on their under surface, which fit upon the 
rounded ends of a second layer of pear-shaped cells ; then follow two layers of 
rounded or oval cells, with processes extending down to the mucous membrane. This 
description of the shape of the epithelium cells applies to them as they occur in the 
empty condition of the duct, but in the distended state the superficial cells are 
flattened out, and the pear-shaped and oval cells are much shorter. All the cells are 
connected by " cell-bridges " with one another as in a stratified epithelium. The 
superficial cells usually have two nuclei, and are believed to divide by " amitosis." 
The deeper cells multiply on the other hand by karyokinesis. 

A few small mucous glands have occasionally been described at the upper end of 
the ureter and in the renal pelvis, but they appear not to be present in man. 
Epithelial downgrowths are occasionally found both here and in the urinary bladder, 
and these may occasionally have been taken for glands (v. Brunn). Mucus is 
however secreted by the lining epithelium. Lymphoid nodules have been met with 
in the raucous membrane of the pelvis of the kidney. 

Vessels and Verves. — The ureter is supplied with blood from small branches of 
the renalt the spermatic^ the internal ilkic, and the inferior vesical arteries. The 
veins end in various neighbouring vessels. The nerves come from the inferior 
mesenteric, spej'matic, and hypogastric plexuses. They form plexuses in the outer 
and muscular coats containing a few ganglion-cells. 
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THE UKINABY BIiADDEB. 

The urinary bladder (vesica urinaria) is a hollow receptacle for the urine, having 
an average capacity of about a pint when moderately filled, but capable of being 
distended to a considerably greater degree. 

The average capacity of the bladder is often stated to be greater in the female than 
in the male ; and, no doubt, instances of very large female bladders are not nnfreqnent ; 
but these have probably been the result of unusual distension : in the natural condition, 
according to Luschkaand Henle, the female bladder is decidedly smaller than that of the male. 

The size, shape, and position of the bladder and its relations to neighbouring 
parts vary according to the degree of distension of its cavity, and also, when empty, 

y'' '"^••,. Fig. 226. — Diagram of median skction op kmptt diastolic 

/* ^. ..^ ^-^^.^ BLADDER AHD ADJACENT PART OF URETHRA. (J. S.) 

A, anterior limb of bladder ; P, its posterior limb ; U, urethra. 
The dotted lines show the changes in the shape of the bladder 
daring its distension. 

according to the condition of its muscular coat, 
whether contracted or relaxed. When empty and 
relaxed (in diastole) it lies deeply in the pelvis, and 
in a vertical median section its cavity, with that of 
the adjacent portion of the urethra, is Y-shaped, the 
stem of the Y being formed by the urethra, and its 
two limbs by the bladder. Of the two limbs the 
anteriar is the longer, and is directed upwards 

and forwai'ds, while the shorter posterior limb passes backwards and upwards. 

The empty diastolic bladder has three surfaces — a svperioTj with its concave 





Fig. 227.— Lateral view of the viscera op the male pelvis. (R. Qnain.) J 

The left hip-bone has been disarticalated from the sacrum, the spinous process of the ischiam cut 
through, and the pubis divided to the left of the symphysis ; a, bladder ; b b\ rectum ; c, mem- 
branous part of the urethra ; d, section of the left corpus caveruosum ; e, bulb of the spongy body of 
the urethra ; /, Cowper's gland ; g^ section of the body of the pubis ; h, sphincter ani muscle ; t, part 
of the left vas deferens ; m, articular surface of the sacrum ; n, divided spine of the ischium ; 
0, coccyx ; p, prostate gland ; r, r, peritoneum ; r\ recto- vesical pouch ; m, left ureter ; v, left 
vesicula seminalis. 

upper aspect covered by peritoneum, an anterior, lying above the pubo-prostatic 
ligaments, and behind the pubic symphysis, and a posterior ^ which is in relation 
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with the rectum, vasa deferentia, and vesiculae seminales in the male, and the 
cervix of the uterus and upper part of the vagina in the female. Both the anterior 
and posterior surfaces are uncovered by peritoneum. 

On the other hand, when the bladder is empty and contracted (in systole) the 
two limbs of its cavity are much shortened, its mucous membrane is thrown into 



*31-.;? 




Fig. 228. — Vertical median section of the pelvis of an adult male subject. (Braune.) } 

let s, body of let sacral vertebra; p. 8., pubic symphysis; BI., bladder; a, a, a, rectum; 
p, p, prostate ; p', middle lobe of prostate ; f, retro-pubic pad of fat ; Bu., bulb ; p. c, peritoneal 
cavity ; j. i., convolutions of jejuno-ilcum. 



numerous folds, its muscular coat is greatly thickened, and its superior aspect is 
rounded and convex. As the relaxed bladder is gradually filled with urine it 
expands chiefly in an upward direction, its superior surface being separated from 
the anterior and posterior surfaces, and becoming convex towards the peritoneal 
cavity. When moderately filled it is still contained within the pelvic cavity, and 
has a rounded form (fig. 227, a), but when completely distended it rises above the 
brim of the pelvis, and becomes egg-shaped ; its larger end, which is called the 
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base, or fundus, being directed downwards and backwards towards the rectum in the 
male and the vagina in the female ; and its smaller end, or summit, resting against 
the lower part of the anterior wall of the alxiomen. Immediately in front of 
the base is the portion which joins the urethra, and is often named the arvie, 
or 7iecJc. When the bladder is excessively distended (fig. 22{)) it may rise into 
the abdomen nearly as high as the umbilicas, and it also sinks somewhat ia 
the pelvis, pushing the prostate and lower end of rectum downwards and back- 
wards. The long axis of the distended bladder varies in ditterent cases, being 
modified by the degree of distension of the bladder itself, as well as that of 



Fig. 229. Median section op the pelvis 
OF AN ADULT MALE SUBJECT. (Rudinger.) 

L. body of 6th lumbar vertebra ; s, body of 
1st sacral vertebra ; p, s, pubic symphysis ; p, 
prostate ; b, bulb of corpus spongiosum ; u, 
urethra ; B, umbilicus ; a, peritoneum. The 
reflection of the peritoneum from the anterior 
abdominal wall on to the bladder is higher than 
normal. 

the rectum and other portions of 
the intestine that may be in relation 
with it. In a section of Branne's (see 
fig. 228), in which the bladder was 
moderately distended, it is almost hori- 
zontal, while in one by Rudinger (see 
fig. 229), in which the bladder was 
greatly distended, it is rather more 
nearly vertical than horizontal. While 
in the male the longest diameter of 
the moderately distended bladder is 
directed from its base to its summit, 
in the female the transverse diameter is 
the longest. 

Connections and Belations. — 
While freely movable in all other direc- 
tions, the bladder is fixed to the walls 
of the pelvis in the neighbourhood of 
the urethral orifice, its mucous and muscular coats being here continuous with those 
of the prostatic portion of the urethra, while its fibrous investment is connected with 
the pelvic wall by bands of fibrous tissue, called the true ligaments of the bladder 
(see Vol. II., Pt 2). It is supported, moreover, by strong areolar connections with 
the rectum and prostate or uterus and vagina, according to the sex, in a slighter 
degree by the two ureters, the obliterated hypogastric arteries, and the urachus, by 
numerous blood-vessels, and, lastly, by a partial covering of the peritoneum, which, 
in being reflected from this organ in different directions, forms duplicatures, named 
the false ligaments of the bladder. 

The antero-inferior or pubic snrfEU^e is entirely destitute of peritoneum, and is 
in apposition with the reclo-vesical fascia, the symphysis and body of the pubis, and, 
if the organ be full, the lower part of the anterior wall of the abdomen. It is con- 
nected to these parts by loose areolar tissue. The lower part of this surface, close 
to where it joins the prostate, is attached to the back of the pubis by two strong 
bands of the recto-vesical fascia, named the anterior true ligaments. This surface of 
the distended bladder may be punctured just above the pubis without wounding the 
peritoneum. 
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The superior or abdominal surflftoe is entirely free, and covered everywhere by 
the peritoneum, which in the male is prolonged dso for a short distance upon the 
base of the bladder. In the male this surface is often in contact with the sigmoid 
loop of the colon, and in the female with the uterus, as well as, in both sexes, with 
convolutions of the small intestine. Beneath the peritoneum, in the male, a part of 
the vas deferens is found on each side of the hinder portion of this surface. 

The snnunit is connected to the anterior abdominal wall by a tapering median 
cord, named the urachusy which is composed of fibrous tissue, mixed at its base with 
plain muscular fibres, which are prolonged upon it from the bladder. This cord, 
becoming narrower as it ascends, passes upwards from the apex of the bladder 
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Fig. 230.— Median seotion of the pelvis of a nkwlt-born male child. (Disse.) 

Vj.v, body of 5th lumbar vertebra; F.«.t;, body of 5th sacral vertebra ; 5.y, pubic symphysis; 
Ret, rectum (distended) ; Prty peritoneum ; Btpr, pnevesical cleft ; Pro, placed just below median 
Jobe of prostate ; Lf, longitudinal muscular fibres of rectum ; 1, sphincter ani int. 

between the linea alba and the peritoneum, to reach the umbilicus, where it 
becomes blended with the dense fibrous tissue found in that situation. 

The urachns, which forms in the early foetal state a tubular conneotion between the 
urinary bladder and the allantois, preserves, according to Luschka, vestiges of its original 
condition in the form of a long interrupted cavity, with irregularities and dilatations, 
lined with epithelium similar to that of the bladder, and sometimes communicating by a fine 
opening with the vesical cavity. 

As during distension the summit of the bladder rises more rapidly than the 
peritoneum is detached from the anterior abdominal wall, a peritoneal pouch, 
gradually increasing in depth, is formed between the top of the bladder and the 
anterior abdominal wall. It is generally estimated that, even in extreme distension, 
the bladder is seldom uncovered by peritoneum for more than two inches above the 
pubic symphysis. 

The sides of the bladder, when this organ is empty, are very nan^ow, but when 
it is distended they are rounded and prominent, and are each of them crossed 
obliquely by the cord of the obliterated hypogastric artery, which is connected 
posteriorly with the superior vesical artery, and runs forwards and upwards to the 
umbilicus, approaching the urachns above the summit of the bladder. Behind and 

VOL. III., PT. 4. P 
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above this cord the side of the bladder is covered with peritoneum, bat below and in 
front of it the peritoneum does not reach the bladder, which is here connected to 
the sides of the pelvic cavity by loose areolar tissue containing fat, and, near 
its anterior and lower part, by the broad expansion from the recto-vesical fascia, 
forming the lateral true ligament. The vas deferens crosses obliquely the hinder 
part of this lateral surface, from before backwards and downwards, and turning 
over the obliterated hypogastric artery, descends on the inner side of the ureter, 
to the base of the bladder (fig. 232). 




Fig. 231.— Mbdian skction of thk pelvis of a male child 7 months old. Bladdkr naturally 
DISTENDED WITH URINE. Natural size. (J. S.) 

p, peritoneum ; s. p. , pubic symphysis ; b, bladder ; r, rectum ; h, bulb of corpus spongioeum. In 
this specimen the distance from the umbilicus to the top of the pubic symphysis was 7 cm., and the 
vertical extent of the bladder in contact with the anterior abdominal wall and uncovered by peritoneum 
was 3 cm. 

The anterior and lateral suriuces of the bladder, between the anterior and lateral 
true ligaments of the bladder below and the peritoneum above, are connected with 
the neighbouring structures by loose areolar tissue, an arrangement which obviously 
must facilitate the movements of the bladder. The space occupied by this tissue is 
sometimes tenned the cai^um prcevesicale^ or cavum Retzii. 

The base or ftindus (fig. 282) is the widest part of the bladder. It is directed 
downwards as well as backwards, and differs according to the sex in its relations to 
other parts. In the male it rests against the second portion of the rectum, and is 
covered superiorly for a short space by the peritoneum, which, however, is inmie- 
diately reflected from it upon the rectum, so as to form the recto-vestcal poucli 
(fig. 227). Below the line of reflection of the serous membrane the base of the 
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bladder is adherent to the rectum l)y dense areolar tissue over a triangular area 
bounded at the sides by the vasa deferentia and vesiculas seminales (fig. 282), while 
in front its apex reaches the prostate gland. It is in this triangular space, which, 
iH the natural state of the parts, is by no means so large as it appears after they 
^re disturbed in dissection, and seldom measures more than an inch from base to 
apex, that the bladder may be punctured from the rectum without injury to the 
peritoneum. In the female the base of the bladder is of less extent, and does not 

Pig. 232. — Base of thb male bladder, 

PROSTATE, &C., IN THB MALE. (J. S.) 

b1, part of b&se covered by peri- 
toneom, separated by a dotted line from 
a triangular space left nncoyered by that 
membrane; u, ureter; s. v., seminal 
vesicle ; e. d., ejaculatory duct ; p, pros- 
tate ; X. , membranous part of urethra ; 
B, bulb ; 0. s., corpus spongiosum ; c. o., 
Cowper's gUnd. 

reach so far back in the pelvis as 
in the male, for it rests against 
the front of the neck of the uterus 
and the upper part of the ante- 
rior wall of the vagina, both of 
which organs intervene between 
it and the rectum. This part of 
the bladder is connected with the 
vagina and cervix uteri by loose 
areolar tissue, and above it there 
is a shallow utero-vesical pouch 
of peritoneum. In both sexes 
the vesical orifice of the urethra 
is usually the lowest part of the 
bladder in the erect posture. It 
is generally situated about an 
inch behind the middle of the 
pubic symphysis. 

Disse (Merkel a. Bonnet, Anato- 
mische Hefte, i) found that the 
distanoe of the orifice from the con- 
ju{?ate of the pelvic inlet in seven 
udolt males varied from 44 mm. to 
65 mm., while in women it was 
placed more deeplj in the pelvis, 
being, on an average, 60 mm. below 
the pelvic inlet. 

Lilfaments of the bladder. — The true ligaments of the bladder, four in number, 
two anterior and two lateral, all derived from the recto-vesical portion of the pelvic 
fascia, are described in Vol. II., Pt. 2. 

The false ligaments, or peritoneal folds, are described as five in number. Two 
of them, named posterior false ligaments or recto-vesical folds, nin forwards in 
the male along the sides of the rectum to the posterior and lateral aspects of the 
bladder, and bound the sides of the recto-vesical cul-de-sac. In the female these 
posterior folds pass forwards from the sides of the uterus, and are comparatively 
small. The two lateral false ligaments extend from the iliac fossae to the sides of 
the bladder, which they join at the level of the obliterated hypogastric arteries. 
The silverier false ligament (ligamentiim suspensorium) is the portion of peritoneum 
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• 
which descends from the umbilicus on the urachas and obliterated hypogastric 
arteries to the summit of the bladder. 

Fecnliarities in Shape and Position according to Age. — In the newly- 
bom child the bladder is much higher than in the adult. Thus, its urethral 
orifice is at the level of the upper border of the pubic symphysis, and the anterior 
sui-face of the bladder, entirely uncovered by peritoneum, lies against the anterior 
abdominal wall, opposite about the lower two-thirds of the space between the pubes and 
the umbilicus (fig. 230). If the bladder be empty, its cavity in a median section shows 
a long anterior limb passing from the urethral orifice upwards and forwards towards the 
umbilicus, but there is no indication of a posterior limb such as has already been 
described in the adult. If the bladder be distended, it usually has an ovoid form, with 
the large end of the oval directed downwards and backwards. The bladder is 
commonly described as being at this age an abdominal organ, but, as a rule, only 
one-half of it lies above the plane of the pelvic inlet. After birth the bladder 
rapidly descends into the pelvis, and acquires a more rounded form when con- 
tracted. In an infant three and a half months old, with the bladder contracted, 
the peritoneum was reflected from the anterior abdominal wall on to the bladder 
10 mm. above the pubic symphysis, the distance from this point to the umbilicus 
being 48 mm. Again, in a boy, aged five years, in which the bladder was also 
contracted, the peritoneum passed on to the back of the pubic symphysis before 
being reflected on to the bladder (Symington). According to Disse, the vesical 
orifice of the urethra sinks rapidly from birth up to the beginning of the third year, 
then slowly until the commencement of the ninth year, when it remains stationary 
until puberty, at which period it again slowly descends until it gains its adult 
position. 

Interior of the bladder. — On opening the bladder, its internal surface is 
found to be lined by a smooth membrane, which is comparatively loosely attached 
to the other coats, so that in the empty condition of the organ it is nearly every- 
where thrown into small wrinkles or rugae, which disappear as soon as the bladder is 
distended. Besides these, the interior of the bladder is often marked by reticular 
elevations or ridges, corresponding with fasciculi of the muscular coat. 

At the lower part of the bladder is seen the orifice leading into the urethra, 
around which the mucous membrane is corrugated longitudinally. Immediately 
behind the urethral opening, at the lower part of the fundus, is a smooth triangular 
surface, having its apex turned forwards, which, owing to the firmer adhesion of the 
mucous membrane to the subjacent tissue, never presents any rugae, even when the 
bladder is empty. This surface is named the trigone {triganum vesicae, Lientaud) ; 
at its postero-superior angles are the orifices of the two ureters, situated in a 
distended bladder about an inch and a half from each other, and nearly the same 
distance from the antero-inferior angle, where the bladder opens into the urethra. 
When the bladder is contracted, this area is diminished in size. 

The orifices of the ureters, presenting the appearance of oval slits, are directed 
obliquely forwards and inwards : they are united by a curved elevation, convex 
in front, which extends generally outwards and backwards beyond them, and which 
corresponds in position with a muscular band which joins them together and to the 
neck of the bladder. Proceeding forwards from opposite the middle of this is 
another slight elevation of the mucous surface, named the uvula vesicm, which 
extends to the posterior margin of the urethral orifice. In the female the trigone is 
small and the uvula indistinct. In the male the uvula lies a little in advance of 
the middle lobe of the prostate, and is sometimes prolonged on the posterior wall of 
the prostatic portion of the urethra as far as the verumontanum. It is produced by 
a thickening of the submucous tissue. In its natural state this may contribute to 
the more perfect closure of the orifice of the bladder. 
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BTRUOTXTIUD OF THX BIiADDBR. 

The bladder is composed of a serous, a muscular, a submucous, and a mucous 
coat, and supplied with numerous blood-vessels and nerves. 

The seroiis or peritoneal coat is a partial covering, investing only the posterior 
and upper half of the bladder, and reflected from it upon the surrounding parts in 
the manner already described in detail. 

The muscular coat consists of unstriped muscular fibres, which are described 
as forming layers, the outer of which consists of bundles of fibres more or less 
longitadinal, and the next of fibres more circular in disposition ; while beneath this 
is another imperfect longitudinal layer. 

The external longitudinal fibres (fig. 233, A, B, c) are most distinctly marked on 
the anterior and posterior surfaces of the bladder. Commencing in front at the 
neck of the organ, from the pubes in both sexes {musctdi pubo-vesicales), and, in 
the male, from the adjoining part of the prostate gland, they may be traced 
upwards along the anterior surface to the summit of the bladder ; and they may 
likewise be followed down over the posterior surface and base to the under part 
of the neck of the bladder, where they become attached to the prostate in the 
male, and to the front of the vagina in the female. Upon the sides the superficial 
fasciculi run more or less obliquely, and often intersect one another ; in the male 
they reach the prostate. At the summit a few are continued along the urachus. 
The longitudinal fibres taken together constitute what has been named the detrusor 
urince muscle, but, according to Griffiths, these fibres ''do not form a separate 
muscle, and have not a separate function.^' 

The so-called circular fibres form a thin and somewhat irregular reticulated 
layer distributed over the body of the bladder, having various appearances in 
different bladders. Their course may in general be looked upon as transverse, but 
for the most part throughout the upper two-thirds of the bladder they cross one 
another in very oblique bands : towards the lower part of the organ they assume a 
more circular course, and upon the fundus and trigone form a tolerably regular 
layer. Close to and around the urethral orifice, in immediate connection with the 
prostate in the male, they are often described as forming a thick band of circular 
fibres, which has been named the sphincter vesica. According to Griffiihs, there is, 
however, no thickening of the muscular fibres in this situation to justify the term of 
sphincter. 

The third stratum of fibres, still more deeply situated, and which might be 
termed internal longitudinal, was first described by Ellis, who distinguished it as 
" submucous.'' It is thin, and its bundles have a reticular arrangement, but with a 
general longitudinal direction. At the trigone the inner bands of muscular fibres 
are united together and to the mucous membrane by dense areolar tissue, while 
they are separated from the external longitudinal fibres by a thin layer of loose areolar 
tissue. 

The mnscnlar coat of the bladder forms so irregular a covering that, when the organ is 
much distended, intervals arise in which the walls are very thin ; and, should the internal or 
mucous lining protrude in any spot through the muscular bundles, a sort of hernia is pro- 
duoed, which may go on increasing, so as to form what is called a vesical sacculus, oi 
aj/peitdix vesirtr, the bladder thus affected being termed sacculated. Hypertrophy of the 
muscular fasciculi, which is liable to occur in stricture of the urethra or other affections 
impeding the issue of the urine, gives rise to that condition named the faxclculated bladder, 
in which the interior of the organ is marked by strong reticulated ridges or columns, with 
intervening depressions. 

Next to the muscular coat, between it and the mucous membrane, but much 
more intimately connected with the latter, is a well-marked layer of areolar tissue, 
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Fig. 233. — Dissections showing the course of the mqscular fibres of the bladder (Allen 
Thomson, after Pettigrew, and from nature). |. 

A. From the front. 

On tho right side the superficial fibres are shown ; on the left the deep or circular fibres chiefly are 
displayed, a, on the right side, the median and most superficial bands of the longitudinal fibres, in 
which a slight decussation of fibres is seen ; a', those diverging somewhat ; a'\ the lowest, which pass 
much more obliquely ; the attachment of the longitudinal fibres to the prostate is shown ; on the left 
side, c, the upper, c\ the middle, c", the lowest set of circular or deeper fibres ; at », the thickest and 
moat transverse sets of these fibres forming the sphincter ; jo, right half of the prostate, the left 
half having been removed ; u, the urachus, into which some of the longitudinal 'fibies are seen 
prolonged. 

B. From the back. 

On the right side the superficial fibres are displayed ; on the left the deeper fibres of the same 
kind or intermediate fibres, and some of the circuUr fibres ; b, 6, the median, most superficial and 
strongest bands of longitudinal fibres on the right side ; 6', the more diverging set of fibres near the 
middle of the bladder ; 6", the most divergent fibres which surround the entrance of the ureters ; on 
the left side, c, c\ and c", indicate the deeper circular fibres passing round at various levels, and 
crossing with the deeper diveiiging fibres posteriorly ; », the most transverse fibres at the neck forming 
the sphincter ; u, the urachus ; ur, the ureters ; the left half of the prostate has been removed to 
show the sphincter ; r, part of the right vas deferens and vesicula seminalis. 

C. From the left side. 
The anterior and posterior superficial fibres are seen running from below upwards, crossing each 
other by their divergence on the side of the bladder, and are indicated by the same letters as in the 
preceding figures ; at c, a portion of the anterior longitudinal fibres has been removed so as to expose 
tho deeper circular fibres. 



THE BLADDER. 215 

the yascnlar or rabmuooiui coat. This sabmacous areolar layer contains a large 
number of fine coiled fibres of elastic tissue. 

The muooiui membrane of the bladder is soft, smooth, and of a pale rose colour. 
It is continuous above with the lining membrane of the ureters and kidneys, and 
below with that of the urethra. Neither here nor in the ureters is the mucous 
membrane provided with a muscularis mucosae. It adheres loosely to the muscular 
tissue, and is thus liable to be thrown into wrinkles, except at the trigone, where 
it is always more even. It is covered with a (transitional) stratified epithelium 
(fig. 234), similar to that of the ureters. The cells vary much in form according 
to the condition of distension of the bladder, for in the distended organ they are 
flattened out so as to cover a larger surface, while in the empty condition of the 
bladder they are of less diameter and proportionately higher. Many of the super- 
ficial cells contain two nuclei. The deeper cells divide by karyokinesis, and the newly 
formed cells take the place of others which are thrnst towards the surface. There are 
no definite glands in the bladder, but in some places there are solid down-growths 




Fig. 234. — Epithelium of the urinart bladder. 
a« saperficial ; 6, intermediate ; and c, deep layer of cells, partly double. 

of the deeper epithelium cells into the mucous membrane, which have sometimes 
been described as true glands. 

VesselB and nerves. — ^Arteries. — The superior vesical arteries proceed from 
the remaining pervious portions of the hypogastric arteries ; in the adult they appear 
as direct branches of the internal iliac. The inferior vesical arteries are usually 
derived from the anterior division of the internal iliac In the female the uterine 
arteries also send branches to the bladder. The neck and base of the organ appear 
to be the most vascular portions. The veins form large plexuses around the neck, 
sides, and base of the bladder ; they eventually pass into the internal iliac veins. 
The lymphatics follow a similar course. Nerves. — The nervous supply of the 
bladder is bilateral, each half having its own nerves. On each side the nerves are 
derived from two sources, viz. : — {a) from the third, the fourth, and sometimes the 
second sacral nerves : these fibres, which are known as the pelvic splanchnics 
(Gaskell), consist almost entirely of fine medullated nerves, and pass from the sacral 
spinal nerves directly to the pelvic plexus without going through the gangliated cord 
of the sympathetic ; (b) from the hypogastric plexus of the sympathetic: these fibres 
are nearly all non-medullated. They arise from the upper lumbar nerves, and reach 
the hypogastric plexus through the aortic plexus and the inferior mesenteric ganglion. 
Both sets unite in the pelvic plexus, which contains numerous ganglia, and the fibres 
which go from the plexus to the bladder are mainly, if not entirely, non-medullated. 
According to v. Zeissl, the pelvic splanchnics supply only the longitudinal fibres of 
the bladder, but Griffiths found that stimulation of the peripheral cut ends of these 
nerves produced contraction of the entire muscular coat on the same side. These 
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nerves also contain sensory fibres from the bladder. Stimulation of the peripheral 
cut ends of the hyjyogastric fibres causes feeble contraction of the corresponding half 
of the bladder (Langley), and if the bladder be previously contracted it causes rapid 
relaxation (Griffiths). The hypogastric plexus also contains sensory fibres, which 
probably reach the spinal cord through the twelfth dorsal and first and second 
lumbar nerves, 
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KEPKODUCTIVE OKGANS. 

By E. a. SCHAFER akd J. SYMINGTON. 



I. IN THE MALE SEX. 

Under this head are included — 1, the testes with their ducts and coverings ; 
and, 2, the urethra, with certain accessory parts, such as the prostate and Cowper's 
glands. The urethra in the male is at once the outlet for the urine from the 
bladder and the products of secretion from the sexual glands. Extending from the 
neck of the bladder to the extremity of the penis, it is surrounded in its first part 
by the prostate gland, and there receives the excretory ducts of the testes and 
vesiculse seminales ; its second part passes through the triangular ligament of the 
perineum ; and its third and longest part passes along the perineum and penis, 
surrounded by the corpus spongiosum. 

THE TESTES AiaX) THEIR ACCESSORY STRUCTURES. 

The testes or testicles, the two glandular organs which produce the spermatozoa, 
are situated in the pouch of integument termed the scrotum, each being suspended 
by its own spermatic cord. 

The spermatio cord. — The parts which form this cord are the excretory duct 
of the testis, named the vas deferens, the spermatic artery and veins, lymphatics, 
nerves, and connecting areolar tissue. Besides this last the cord has several 
coverings in common with the testis. The structures mentioned come together to 
form the cord at the internal or deep abdominal ring, and, extending through the 
abdominal wall obliquely downwards and towards the middle line, escape at the 
superficial or external abdominal ring, whence the cord descends over the fix)nt of 
the pubis into the scrotum. 

The inguinal canal. — By the term inguinal canal is understood the space 
occupied by the spermatic cord as it passes through the abdominal wall. It extends 
from the deep to the superficial abdominal ring, and is about an inch and a half in 
length. In the upper part of this course the cord has the fascia transversalis behind 
it, and is covered in front by the lower fibres of the internal oblique and transversalis 
muscles ; lower down it lies in front of the conjoined tendon of these muscles, the 
fibres of which have arched inwards over it, and its cremasteric covering is in contact 
anteriorly with the aponeurosis of the external oblique muscle. The inguinal canal 
is therefore said to be bounded posteriorly by the fascia transversalis above and the 
conjoined tendon below, and anteriorly by fibres of the transversalis and internal 
oblique muscles above, and the aponeurosis of the external oblique muscle below ; 
while its floor is formed by the curving backwards of Poupart's ligament, and its 
roof by the apposition of the layers of the abdominal wall and the arched fibres of 
the internal oblique and transversalis muscles. 

As it enters the inguinal canal, the cord receives a covering from the infundibuli- 
form fascia, a thin layer continuous with the fascia transversalis, and prolonged 
down from the margin of the deep abdominal ring ; within the canal it receives a 
covering from the cremaster muscle and its layer of fascia ; and as it emerges from 
the canal there is added superficially to this, the intercolumnar fascia prolonged 
from the margin of the superficial abdominal ring. 



THE SCROTUM AND SPERMATIC CORD. SI 9 

The sorotnm. — The scrotum forms a parse-like investment for the testes and 
part of the spermatic cords. Its condition is liable to some variation according to 
the state of the health and other circumstances ; thus it is short and corrugated in 
robust persons and under the effects of cold, but becomes loose and pendulous in 
persons of weak constitution, and under the relaxing influence of heat. A superficial 
division into two lateral halves is marked by a slight median ridge, named the 
raphSy extending forwards to the under side of the penis, and backwards along the 
perineum to the margin of the anus. 

The coverings of the cord and testis in the scrotum may be enumerated from 
without inwards as follows, viz., the «/fm, svperjicial fasciuy and darlos tissuBy the 
mtercolumnar fascia, the cremaster muscle a,ii6. fascia, and the infundibuliform fascia, 
which is united to the cord by a layer of loose areolar tissue ; lastly, the special 
serous membrane of the testis named the tunica vaginalis, which forms a close 
sac, of which one part lines the scrotum and the other closely envelopes the 
testis. 

1. The skin of the scrotum is very thin, and is of a darker colour than that of 
the body generally ; it is commonly thrown into rugae or folds, which are more or 
less distinct according to the circumstances already mentioned. It is furnished 
with sebaceous follicles, the secretion from which has a peculiar odour, and it is 
covered over with thinly scattered curled and flattened hairs, the bulbs of which 
may be seen or felt through the skin when the scrotum is stretched. The superficial 
blood-vessels are also readily distinguished through this thin integument. 

2. Immediately beneath the skin of the scrotum there is found a thin layer of a 
peculiar loose reddish-brown tissue, endowed with contractility, and named the 
dartos timic. This subcutaneous layer is continuous with the superficial fascia of 
the groin, perineum, and inner side of the thighs, but assumes a different structure, 
and is entirely free from fat. The dartoid tissue, which is more abundant on the 
fore part of the scrotum than behind, forms two distinct sacs, for the corresponding 
testes, united together along the middle line so as to establish a median partition 
named the septum scroti, which is adherent below to the deep surface of the raphe, 
and reaches upwards to the root of the penis. The dartos is very vascular, and 
owes its contractile properties to the presence of a considerable amount of unstriped 
muscular tissue (KoUiker). 

3. The intercolimmar or spermatic fascia, a very thin and transparent but 
relatively firm layer derived from the tendon of the external oblique muscle of the 
abdomen, is attached above to the margins of the external ring, and is prolonged 
downwards upon the cord and testis. It lies at first beneath the superficial fascia, 
and lower down beneath the dartos, and it is intimately connected with the layer 
next mentioned. 

4. The cremasteric layer is composed of scattered bundles of striped muscular 
fibres, connected together into a continuous covering by intermediate areolar 
membrane. The red muscular portion, which is continuous with the lower border 
of the internal oblique muscle of the abdomen, constitutes the cremaster muscle, and 
the entire covering is named the cremasteric fascia. By the action of the cremaster 
the cord is shortened and the testicle is raised towards the abdomen. 

5. The inAmdibnliform fascia, continuous above with the fascia transversalis 
and situated immediately beneath the cremasteric fascia, invests the cord completely, 
and is connected below with the posterior part of the testicle and the outer surface 
of its serous tunic. On forcing air beneath the infundibuliform fascia, a quantity 
of loose and delicate areolar tissue is seen to connect its deep surface with the vas 
deferens and spermatic blood-vessels, and to form lamellw between them. This 
areolar tissue is continuous above with the subserous areolar tissue found beneath 
the peritoneum on the anterior wall of the abdomen ; below, it is lost upon the back 
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of the testicle. Together with the infondibuliform fascia, it forms the /fl««a propria 
of Astley Cooper. 

Lyio^ amongst this loose areolar tissue, in front of the upper end of the cord, there is often 
seen a fibrous band, which is connected above with the pouch of peritoneum found opposite 
the upper end of the inguinal canal, and which passes downwards for a variable distance 
along the spermatic cord. Occasionally it maj be followed as a fine cord, as far as the upper 
end of the tunica vaginalis ; sometimes no trace of it can be detected. It is the veetige of a 
tubular process of the peritoneum, which in the f cetus connects the tunica vaginalis with the 
general peritoneal membrane. The testicle is placed within the abdomen during the greater 
part of foetal life ; but at a period considerably prior to its escape from the abdominal cavity, 
a pouch of peritoneum already extends down into the scrotum. Into this pouch, or procestuM 
ragiyialis pf*riton<Pi^ the testicle projects from behind, supported by a duplioature of the serous 
membrane, named the meMrehivm. Sooner or later after the gland has descended into the 
scrotum, the upper part or neck of this pouch becomes contracted and finally obliterated, from 
the internal abdominal ring down nearly to the testicle, leaving no trace but the indistinct 
fibrous cord already described, while the lower part remains as a closed serous sac surrounding 
the testicle, and which is thence named the tunica vaginalis. 

In the female foetus an analogous pouch of peritoneum descends for a short distance along 
the round ligament of the uterus, and has received the appellation of the caTial of Nuck. Of 
this traces may almost always be seen in the adult. 

The neck of the processus vaginalis sometimes becomes closed at intervals only, leaving a 
series of sacculi along the front of the cord ; or a long pouch may continue open at the upper 
end, leading from the abdominal cavity into the inguinal canal. In other instances, the 
peritoneal process remains altogether pervious, and the cavity of the tunica vaginalis is thus 
made continuous with that of the peritoneum. In such a case of congenital defect, a portion 
of intestine or omentum may descend from the abdomen into the inguinal canal and scrotum, 
and constitute what is named a congenital hernia. Lastly, one or both testes may. remain 
permanently within the abdomen, or their descent may be delayed till after puberty, when it 
may occasion serious disturbance. Retention of the testes in the abdomen (cryptorchismus) 
is, in many instances, the accompaniment of arrested development of the glandular structure ; 
it is, however, a peculiarity which may be present without impotence. 

In a few mammals, as the elephant, the testes remain permanently within the abdomen ; 
in a much larger number, as the rodentia, they only descend at each period of rut. The 
complete closure of the tunica vaginalis is peculiar to man, and may be considered as connected 
with his adaptation to the erect posture. 

6. The tunica vaginalis. — This tnnic forms a shat sac, of which the opposite 
free surfaces are in contact with each other. Like the serous membranes in general, 
of which it presents one of the simplest forms, it may be described as consisting of 
a visceral and a parietal portion. The visceral portion, tunica vaginalis testis, closely 
invests the greater part of the body of the testis, as well as the epididymis, between 
which parts it is depressed in the form of a pouch (digital fossa), and lines their 
contiguous surfaces, and it adheres intimately to the proper fibrous tunic of the 
gland. Along the posterior border of the gland, where the vessels and ducts enter 
or pass out, the serous coat, having been reflected, is wanting. This portion of the 
serous covering frequently presents villous prolongations on the borders of the 
epididymis and upper end of the testis ; these processes, sometimes of considerable 
length, are covered in some places with cylindrical, in others with layers of flat 
epithelium. 

The parietal or scrotal portion of the tunica vaginalis is more extensive than 
that which covers the body of the testis ; it reaches upwards, sometimes for a 
considerable distance, upon the spermatic cord, extending somewhat higher on the 
inner than on the outer side. It also leaches downwards below the testicle, which, 
therefore, appears to be suspended at the back of the serous sac, when this latter is 
distended with fluid ; a fold, or so-called ligament, being left projecting at the lower 
end of the epididymis (fig. 235,/). 

Vessels and nerves of the scrotnm and spermatic cord. — The arteries 
are derived from several sources. The two external pudic arteries, branches of 
the femoral, reach the front and sides of the scrotum, supplying the integument and 
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dartos ; the superficial perimal branch of the internal pudic artery is distributed to 
the back part of the scrotum ; and, lastly, more deeply seated than either of these 
is a branch given from the epigastric artery, named cretnasteric^ which is chiefly 
distributed to the cremaster muscle, but also supplies small branches to the other 
coverings of the cord, and by its ultimate divisions anastomoses with the other 
vessels. The arterj/ of the vaa defer ens ^ a long slender vessel derived from the 
superior or inferior vesical, accompanies the tube in its whole length. The veins 
accompany the arteries. The veins of the cord form the spermatic or pampiniform 
plexus elsewhere described. The lymphatics of the scrotum pass into the inguinal 
lymphatic glands. 

The nerves also proceed from various sources. The ilto-inguinal, a branch 
of the lumbar plexus issuing by the external abdominal ring, supplies the integu- 
ments of the scrotum ; this nerve is joined also by a filament from the iliO' 
hypogastric branch of the same plexus : sometimes two separate cutaneous nerves 
come forward through the external rin^. The two superficial perineal branches of 
the pudic nerve accompany the artery of the same name and supply the inferior and 
posterior parts of the scrotum. The inferior pudendal^ a branch of the small sciatic 
nerve, joins with the perineal nerves, and with them is distributed to the sides and 
lower part of the scrotum. Lastly, the genital branch of the geniio-crural nerve» 
reaching the spermatic cord at the internal abdominal ring, passes with it through 
the inguinal canal, and supplies the fibres of the cremaster muscle, besides sending 
a few filaments to the other deep coverings of the cord and testicle. 



THS TBSTIOIiBS. 

The testicleSf the principal reproductive glands (d/dv/xor, tpx^s), are suspended 
obliquely in the scrotum by means of the cord and membranes already described ; 

Fig. 2-35. — Thb lbpt tunica vaginalis opknkd, showing 

THB TESTIS, EPIDIDYMIS, &0., FROM TUK OUTER SIDE. 

(AUen Thomson.) 

p, p, cat edges of the parietal layer of the tunica vagi- 
nalis drawn aside ; t, body of the testis ; e, t\ epididymis ; 
/, a fold of the tunica vaginalis passing from the body of the 
testis to the side. In the upper part of the figure the tunica 
vaginalis has been dissected off at the place of its reflection 
on the cord to show v d, the vas deferens, and g, the organ 
of Girald^s ; G,the three small nodules of this oi^gan enlarged 
about ten times, and showing the remains of tubular struc- 
ture within them ; A, hydatid of Morgagni, or appendix of 
the testicle. 

they arc usually placed at unequal heights, that 
of the left side being lower than the other. 
They are of an ovoid form, but are slightly 
compressed laterally, so that they have two 
somewhat flattened sides or faces, an upper and 
a lower end, an anterior and a posterior border. 
They are about an inch and a half (37 mm.) 
long, an inch and a quarter (28 mm.) wide from 
back to front, and nearly an inch (24 mm.) 
thick from side to side. The weight of each 
varies from three-quarters of an ounce to an 
ounce (15 to 24*5 grammes, W. Krause). 

The front and sides of the testis, together 
with the upper and the lower ends, are free, smooth, and closely invested by the 
tunica vaginalis. The posterior border is attached to the spermatic cord, and it is 
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here that the Tessels and nerves enter or pass out. When the testis is suspended in 
its usual position, its upper end is directed obliquely forwards and outwards, as well 
as upwards, whilst the lower, which is rather smaller, has the opposite direction. 
It follows from this that the posterior or attached border is turned upwards and 
inwards, and the outer flattened face slightly backwards. 

Attached to the posterior border of the gland, and resting also on the neighbour- 
ing portion of its outer face, is a long narrow body, the epididymis^ which forms part 
of the excretory apparatus of the testicle, and is principally composed of the 
convolutions of a long tortuous canal or efferent duct, to be presently described. Its 
upper extremity, larger than the lower, projects forwards on the upper end of the 
testis, and is named the head or globus major (fig. 235, e) ; the lower, which is more 
pointed, is termed the tail or globus minor {e') ; whilst the intervening portion is 
named the body. The convex surface of the epididymis and the thin anterior border 
are free, and covered by the tunica vaginalis. The concave surface, or that directed 
towards the testis, is also iree, except at the upper and lower ends, and invested by 
the same tunic, which here forms a pouch between the epididymis and the outer face 
of the testicle, and nearly surrounds the epididymis, except along its posterior 
border, which is united to the gland by a duplicature of the serous membrane, 
containing numerous blood-vessels. At its upper and lower extremity, the 
epididymis is attached to the testis by fibrous tissue and a reflection of the tunica 
vaginalis, the globus major also by the efferent ducts of the testis. 

At the back of the testis and epididymis, beneath the fascia propria, opposite 
the lower two-thirds of the testis, is a considerable amount of unstriped muscular 
tissue, the inner muscular tunic of Kolliker. 

On the front of the globus major, somewhat to the outer side, there are usually 
found one or more small pedunculated bodies covered by an extension of the tunica 
vaginalis and formed mainly by connective tissue and blood-vessels. These are the 
hydatids of Morgagni, They are commonly regarded as remains of part of the foetal 
structure termed Miiller's duct. One of them, of a more regularly pyrif orm shape, 
and more constant than the rest, lies closely between the head of the epididymis and 
the testis. 

This has been thongrht, bat as it would appear on insufficient evidence, to be the homolo^e 
of the ovary in the male sex (Fleischl, Kiause). Its surface is ciliated, and a canal lined by 
ciliated epithelium and opening into the cavity of the tunica vaginalis is sometimes contained 
within it. 



STRUOTURB OF THZ TBBTI8. 

The testis is enclosed in a strong capsule, the tunica albuginea. This is a 
dense unyielding fibrous membrane, of a white colour, and of considerable thickness, 
which immediately invests the soft substance of the testis, and preserves the form of 
the gland. It is composed of bundles of fibrous tissue, which interlace in every 
direction. The outer surface is covered by the tunica vaginalis, except along the 
posterior border of the testis, where the spermatic vessels pass through and the 
two extremities of the epididymis are attached. 

In the interior, the fibrous tissue of the tunica albuginea is prolonged from the 
posterior border for a short distance into the substance of the gland, so as to form 
within it an incomplete vertical septum, known as the corpus Highmoriy and named 
by Astley Cooper mediastinum testis. It extends from the upper nearly to the 
lower end of the gland, and it is wider above than below. The firm tissue of which 
it is composed is traversed by a network of seminal ducts, and by the larger blood- 
vessels of the gland, which are lodged in channels formed in the fibrous tissue. 

From the front and sides of the coipus Highmori numerous slender fibrous 
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cords and imperfect septa of connectiTe tissue are given off in radiating directions, 
and are attached by their outer ends to the internal surface of the tunica albuginea 




Fig. 236. — Transversb section through the right testicle and the tunica vaginalis. 
(Modified from Kdlliker.) 

a, seminiferons tubes, converging at 6, to the mediastinnm ; c, rete testis ; d, vasa cflferentia ; 
€, epididymis ; h, section of vas deferens ; i, tunica albuginea, sending septa into the body of the 
testis ; c.v., cavity of tunica vaginalis. 

at different points, thus incompletely dividing the glandular substance into lobules. 
According to EoUiker, plain muscular fibres are prolonged upon these septula. 
The whole internal surface of the tunica albuginea is covered by a multitude of 




Fig. 237. — Plan op a vertical section op the testicle, showing the arrangement op the ducts. 
The true length and diameter of the ducts have been disregarded in this as well as in the preceding 
figure, a, a, tubuli seminiferi coiled up in the separate lobes ; 6, vasa recta ; c, rete vasculosum ; 
rf, yasa efferentia ending in the coni vasculosi ; f, /, (7, convoluted canal of the epididymis ; A, vas deferens; 
t, t, section of the back part of the tunica albuginea with fibrous processes running between the lobes. 

fine blood-vessels, which are branches of the spermatic artery and veins, and are 
held together by a delicate areolar web. Similar delicate ramifications of vessels 
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are seen on the various fibrous offsets of the mediastinum, upon which the blood- 
vessels are thus supported in the interior of the gland. This vascular network, 
together with its connecting areolar tissue, constitutes the tunica vasculoaa of 
Astley Cooper. 

Seminiferous tubules. — The glandular substance of the testis which is 
included in the fibrous framework formed by the albuginea, the mediastinum, and 
the trabeculae, is a mass of convoluted tubules known as the tubuli seminiferiy 
which are somewhat loosely connected together by areolar tissue into the lobes or 
lobules above mentioned. Of these lobes there are some 100 to 200 (Krause) or more ; 
they are of unequal size, the middle ones being the larger, and are imperfectly 

lolMli testis 



T Y "caput epididymis 



rete testis 
epididymis 




\^y/ ^ tubidi recti 

1^ 



— * - - V€ts deferens 



Fig. 238. 'Section throcoh the testis and bpididtxis. (Bohm and v. Davidoff.) 

separated from one another, the septa being incomplete. In each lobe are two, 
three, or more seminiferous tubules closely convoluted, and here and there branched, 
especially at their anterior or distal extremity, where, in a cortical zone near the 
albuginea, they are stated to communicate frequently laterally with one another. 
It is not difficult to unravel the tubules for some distance, for their walls are 
moderately strong, and their diameter (0*2 mm.) large compared with those of other 
tubular glands, such as the kidney. Their length is estimated to be on an average 
rather greater than two feet (60 cm.) and their number between 800 and 900 
(Lauth). They have a smooth contour, but this is interrupted at intervals by 
small bulgings, which ai'e more numerous near the commencement of a tubule than 
near its termination. The walls of the seminiferous tubules are composed of several 
layers of flattened cells. Of these only the innermost layer is complete, being 
formed of epithelioid cells closely united edge to edge into a basement membrane. 
This is strengthened by the other layers, which, however, exhibit intervals between 
the flattened cells which compose them, these intervals becoming very marked in 
the outermost layers. In consequence of their being thus formed of several layers, 
the walls of the tubules have a concentrically striated appearance in cross-section. 



THE TESTICLE. 



ses 



The tabnles are occupied by an epitheliam which consists, of several irregular 
layers of cells, amongst which the seminal filaments or spermatozoa may be obsenred 
in different stages of development (fig. 239). In different tubules of the same testis 
and even in parts of the same tubule the condition of development of the spermatozoa 
may be very various, and the epithelium presents corresponding differences both in 
the number of its layers and the appearance of the cells. 




Fig. 239.— SioTioir of parts of thrbr srminifrrous tobolrs of thr rat. (B. A. 8., from a 
preparation by Mr. A. Prasen.^) < Magnified. 

a, with the spermatoioa least advanced in development ; h, more advanced ; c, containing fully 
developed spermatoioa. B^vreen the tnboles are seen strands of interstitial cells with blood-vessels 
and lymph-spaces. 

Stru ctu re of the epermato^a. — A spermatozoon is a minute filiform particle 
about 0'055 mm. long, consisting of three parts : a nucleus or head^ a middle piece 
or hody^ and a spontaneously vibratile tail. In man the head is of a flattened oval 

Fig. 240.— Human sprrmatozoa (Retrins). 

1, in profile, the tail not represented ; 2, viewed on the flat ; 6, head ; e, middle- 
piece ; df tail ; f, end>piece of the tail. 

shape, appearing pointed when seen in profile and with a depression on 
each flattened surface. A minute barb-like projection has been described 
at its extremity (Dowdeswell) ; this is however much more apparent in 
some animals. The head stains intensely with nuclear dyes, and iis 
mainly formed of chromatin (nuclein). It is about 0*0045 mm. long, 
0'0025 mm. broad, and 0*0015 mm. thick. In certain animals it is 
invested with a clear mantle termed the head-cap (Schweigger-Seidel), 
but this is not easily apparent in man in the completed stage. The 
head also varies greatly in other respects in different animals, its shape 
and size being characteristic for each species. 

The middle piece or body of the spermatozoon is nearly cylindrical 
in man. It is about 0*006 mm. long and less than O'OOl mm. in 
diameter. It is difficult to make out any structure in it in man, but in some 
animals (mouse, rat), a spiral thread can be seen closely coiled around its 
periphery, whilst through its centre a filament passes whidi appears to be a 
prolongation of a central filament within the tail and which, ends close under 
the base of the nucleus or head in a globular enlargement known as the terminal 
ghhule or globulaid hody. 

VOL. in., FT. 4. A 
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ThetaU is about 0*045 mm. long, and finer than the middle piece. It tapers 
towards the extremity. Near its termination it becomes abrnptly finer and its 
terminal sixth (end-piece of Betzins) is an extremely delicate fibre, which under 
certain circumstances can be seen to be composed of three or more of the finest 
possible fibrils. This end-piece is apparently a direct combination of the central 
filament of the tail, which is elsewhere invested by a sheath, but is here bare. The 
distinction between sheath and central filament cannot be made out in the human 
spermatozoon. In some animals (newt) an undulating membrane with a fine fibre 
running along its free margin is attached spirally by one border along the whole 
length of the tail (Leydig) : a similar membrane has been described in man 
(Gibbes, W. Kranse, y. Bardeleben). The motion of the spermatozoon is a forward 
one produced by a spirally lashing movement of the tail, similar to the movements 

fifriU of axial JUatnenl. fihrUs of marginal filament 

\ -' 

point of head . . . A \ '/ 

fibril of axial filament , 

marginal fiMl, . . .^ -/^^W%^ .. end piece of taU 

enlargement of axial 
filament in head 
{globuloid body) . 

^ ; * ',• ' — \XJ y^^ f\ Sjilzl wcmbrane of tail 

marginal fibnl , . . ^ \n t.-i p^v- 

axialfibre .... 

undvlatory membrane 

Fig. 241.— Diagram or a Spsrmatozoov. (Bdhm and t. Ba^idorff.) AU the parte here shown hare 
not been made out in the human apermatoioon. 

of the cilia of zoospores of bacilli. It may last under favourable conditions for 
several days after discharge (4 to 9 days, PiersoU). 

Sereral varieties of human spermatozoa have been described, differing from one another 
chiefly in size. Some are occasionally found which are very much larger than usoal 
(*076 mm. long and "OOSS mm. broad). According to the obeervations of E. v. Bardeleben 
(Verhandl. d. Anat. Gesellsch., 1891), founded partly on his own preparations, partly on those 
of E. M. Nelson, the head of the human spermatozoon consists of several portions, viz., spear, 
head-cap, and a main part divided into anterior and posterior portions. The ttpeary the 
existence of which appears to be rather doubtful, is described as an immeasurably fine process 
unsymmetrically placed, which may be twice as long as the head. Its tip is recurved and 
hooklike. At its base is an elongated particle staining more deeply than the rest. Hie 
head-cap is clear and very delicate. The anterior jmrt of the head is clear, the pmteri^r 
part cross striated. A protoplasmic fringe extends from the anterior part to the body of the 
spermatozoon. Within the head is a clear refractive particle (glohiloid), not staining with 
ordinary dyes. A short neck unites the head to the body or middle piece of the spermatozoon. 
Both this and the tail (except the end-piece of Retzius) have a frilled membrane along one 
side: the tail has a special membrane on the opposite side. The tail contains a central 
filament which extends through the body and head and may be traced even into the spear. 

Structure of the epithelium of the eeminiferoiui tnlmles. — Of the ceUs 
forming the epithelium of the seminiferous tubules, there are, in most tubules, three 
several kinds, differing in situation, in size, and in structure. Those of the first 
kind, which are termed the outer or Unmg cells (epermatoffonia) form the outermost 
zone. They are cubical or somewhat flattened cells disposed in a single regular 
layer next to the basement membrane of the tubule. In some tubules one of these 
cells may here and there be seen to be elongated and to project between the cells 
of the next zone, where it comes into connection with a group of developing 
spermatozoa. Indications of karyokinetic division are also met with in the oelk 
of this layer in certain tubules (fig. 242, 6). In the early foetal condition the 
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spennatogonia are the only cells foand in the tnbule. The cells of the next zonie 
become formed from them by karyokinetic division. 

The cells of the second kind, intermediate or epermatogenic cells {spermatocysts of 
some authors), form a middle or intermediate zone in the tnbules. They are large 
clear cells with conspicuous nuclei, the latter invariably exhibiting some stage of 
karyokinesis. They lie one, two or more deep, varying in different tubules according 
to the condition of development of the spermatozoa, and the thickness of the layer 
they form varies accordingly. When two or more deep, the groups of developing 
spermatozoa and the elongated spermatogonia with which the groups are connected 
penetrate between them and tend somewhat to break the continuity of the layer. 




Fig. 242. — DlAQKAM KXHIBITIXa THR OTCLE OF PHASES OF SPEBMATOOBNSSIS IN THB BAT. (K A. S.) 

(This diagram is chiefly founded upon the drawings of H. H. Brown.) 

a, lining epithelium cells, seen dividing in 6 ; a', sustentacuhir cells ; b, spermatogenic or mother- 
cells, with skein-like nuclear filaments : the&e cells are seen actively dividing in 5 ; e, spermatoblasts, 
forming an irregular column or clump in 6, 7, 8, and 1, and connected to sustentacular cell, a\ in 
2, 3, 4, and 5. In 6, 7, and 8 advanced spermatoxoa of one crop are seen between columns of spermato- 
blasts of the next crop, s', parts of the spermatoblasts which disappear when the spermatozoa are fully 
formed ; f, seminal granules, probably resulting from the disintegration of $' ; a", ih 1 and 2, are 
nuclei of sustentacular cells, which are probably becoming extruded. 

These spermatogenic cells, which are originally derived from the spermatogonia, 
themselves give origin by two or more stages of karyokinetic division to the cells of 
the next layer or spermatoblasts, but some of the cells resulting from the first 
division are not converted into spermatoblasts. These remain as a layer of sperma- 
togenic cells, ready in due time to produce by further division the next crop of 
spermatoblasts.^ 

The third kind of cell in the seminiferous tubule is the spermatoblast. The 
spermatoblasts {spermatids of some authors) are derived as just stated from division 
of the spermatogens or spermatocysts, and on the other hand are directly trans- 

^ According to Brown all the spermatogenic cells or spermatocysts are converted, after division, 
into spermatoblasts, and fresh spermatocysts are produced for the next crop of spermatoblasts by 
division of some of the lining cells or spermatogonia. 

Q 2 
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formed into spermatozoa: hence they were termed by H. H. Brown, yovmg spermatozoa. 
They form in most tubales an innermost zone of small closely packed grannlar- 
looldng and ill-defined cells, which appear blended into a continnons mass (fig. 239, e) r 
they are, however, not so blended, bnt are quite discontinnons. Their nndei are- 
small and do not stain deeply with reagents : they show no signs of proliferation. 
In some tubules these cells are already becoming elougated (fig. 239, a\ and in the 
various tubules of the same testis every stage of transformation is met with between 
them and the fully developed spermatozoa. As this transformation proceeds they 
are seen to collect into definite groups (fig. 239, b) which penetrate between the oeUs^ 
of the intermediate layer, and become connected with and imbedded m cells of the 
outer layer (jmsteniacuJar cells) which elongate to receive them (fig. 242). These 
snstentacular cells in all probability subserve a nutritive function for the developing- 
spermatozoa. When the development is approaching completion the group of 
spermatozoa moves again towards the middle of the tubule, the connection with the 
outer layer becoming gradually longer and more attenuated until finally the heads 
of the fully developed spermatozoa form a complete zone next to the lumen of tbe- 
tnbule, into which their tails project, being bent sharply round and extending for a 
short distance along the course of the tubule (fig. 239, e ; 242, 1, a). 

While this gradual transformation of spermatoblasts into spermatozoa is going 
on in a tubule, a fresh crop of spermatoblasts is being formed in the same tubule to- 
take the place of those thus transformed. This crop is formed as before by 
proliferation of the spermatogenic cells which have remained next to the lining 
layer,^ and hence it happens that in the same tubule at least two phases of develop- 
ment of speimatozoa or of spermatoblasts are constantly to be seen. But after the 
completion of one crop of spermatozoa^ the spermatoblasts, which are to become 
transformed into the next crop, remain quiescent until the first crop has been dis- 
charged. The spermatogenic cells divide at first each into two, and thus form a 
first generation. This division takes place by what is termed by Flemmiog the- 
** heterotypical form '* of karyokinesis, the split chromosomes long remaining con- 
nected at their ends, and the stage of metakinesis being greatly prolonged. During^ 
the dyaster phase a second longitudinal splitting occurs, and the daughter-nuclei 
again divide immediately, without entering into a resting condition, and without a 
further splitting of the chromosomes, to form the nuclei of the cells of the third 
generation. The cells of this third generation have, therefore, only half the 
typical number of chromosomes in their nuclei, and these are the cells which become 
transformed into spermatoblasts. In the final division, therefore, it appears that 
the number of chromosomes, or chromatic segments of the nucleus, becomes, by 
failure of the usual longitudinal cleavage, reduced to one half the number usual inj 
the cells of the particular species of animal under observation. The resulting 
nuclei, therefore, of the spermatoblasts resemble, in this respect, the nucleus of the- 
ovum after extrusion of the second polar globule, and it is only on the conjunction* 
of the two within the fertilized ovum that the typical number of chromosomes is 
re-established. 

The proceM of redaotion of chromosomes in the final diyision of the spermatie oeUs was- 
first shown by 0. Hertwig to occur in Ascaris, and it has since been established for the 
salamander (bj Flemming) and some other animals. It has been thought to be of general 
occurrence, but this cannot as yet be regarded as conclusively proved, especially in mammals, 
in which the observation of the number and changes of the chromosomes is extremely difficult.. 

TraasformatiQii of the fpermatoUajits into spermatOBoa. — The fnlly 
formed spermatoblasts, or spermatids, are small, granular cells, with round nuclei. 

^ Or which have. been formed by a now karyokinetic division of the Bpermatogonia (see note cm 
previoas page). 
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In developing into spermatozoa, these. become elongated. The nnclens alters in 
«hape and passes towards one end of the cell, where it forms the head of the 
spermatozoon. Within the protoplasm a filament begins to form^ soon growing out 
beyond the rest of the cell as the tail. The protoplasm of the cell partly remains to 
form the body or middle piece ; partly becomes detached and disintegrated, as the 
maturation of the spermatozoon is completed. 

Changes in the nucleus. — The nucleus of the spermatoblast is at first sphericaU 



Fig. 243. Phasu of transfobmatioh of a < 
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with a somewhat faint outline. It 
shows the usual network of a resting 
nucleus, but has comparatively little 
tendency to stain with dyes (poor in 
chromatin). As development proceeds 
it becomes at first oval, then conical, 
then greatly elongated and compressed, 
so that no strncture can be seen within 
it. In the meantime its chromatin 
becomes increased, and finally forms a 
dense mass, which gradually takes on 
the shape and position of the head of the future spermatozoon. 

Changes in the protoplasm, — Within the body of the cell but near the nucleus 
various structures can be made out (Moore), viz. the archoplasm^ a clear or nearly 
clear portion of the protoplasm which may contain a vacuole, the so-called chromatic 
body, a small mass of darkly staining material close to the nucleus and probably a 

Fig. 244.— Two STAOBS (A ahd B) in thb 

DBVBLOPXBNT OP THB 8PBBMAT0BLA8T8 
(SFBBlf ATID6) INTO 8PBBMAT0Z0A. (Moore.) 

Highly magnified. 

eh archoplaBm (Ncbenkern)hB¥ing a racaole 
e,m A; b, oentitMomes ; c, chromBtic body ; 
Ekf (in B) modified noclens ; A, head cap. 

detached portion of its chromoplasm, 

and the centrosome which is usually 

double (^g. 244, a). As the nucleus 

passes towards the inner end of the 

cell, with its pointed end projecting 

beyond the general circumference, 

and the base directed towards the 

centre of the cell, the body of the cell 

becomes elongated, assuming first an 

oval and then a pear shape, with the 

nucleus embedded in the smaller eud 

of the pear. The centrosome (fig. 

244, b) lies near the base of the 

nucleus, in contact with it, and pethaps included within the nuclear membrane 

(Hermann), probably taking part in the formation of the so-called " globuloid body." 

In connection with this (but whether formed fh)m the nucleus, from the centrosome, 

or from the protoplasm of the cell, is not clear), a thread — axial filament — ^begins 

to appear in the protoplasm, and is soon seen to emerge from the opposite or larger 

end of the pear-diaped cell, the protoplasm of which is probably continued over it. 
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This filament is the rudiment of the " tail/' and gradually elongates. It is not clear 
how the head-cap is formed, but probably from nucleoplasm, this being perhaps 
itself covered by clear protoplasm. The spermatozoon is now developed, but the 
middle piece is still large and pyriform, and its peripheral portion forms a projectioD 
which partly encircles the tail (fig. 243). The projection in question disappears in 
the further course of development, being partly absorbed into the rest of the middle 
piece and into the tail, partly becoming detached and disintegrated. It contains 
some deeply staining granules, which are fonnd| mingled with the spermatozoa when 
these are set free (spermatic granules), 

Zntentitial tiflsne of the testiole.— The tissue which connects the semi- 
niferous tubules is in some respects peculiar. It consists of fine fasciculi and 
laminse of areolar tissue, these being covered by and partly composed of flattened 
epithelioid cells. Between the laminas and fasciculi are large cleft-like spaces, 
containing lymph, and almost everywhere enclosing the basement membrane of 
the tubules. If these spaces are injected by the puncture-method, the injecting 
fluid flows away by the lymphatics of the spermatic cord. It is found to penetrate 
between the incomplete outer layers of the membrane of the tubules, but is firrested 
by the innermost layer. 

The blood-vessels are conducted at first along the trabeculae, and from these they 
pass into the angular interstices between the tubules. Here they are supported by 
the areolar tissue, and accompanied and ofben completely surrounded by tracts of 
peculiar epithelium -like polyhedral cells somewhat like the cortical cells of the 
suprarenal capsules, and, like these, often containing yellowish granules. They are 
known as the interstitial cells of the testis, and have been regarded as specially 
modified connective tissue cells (plasma-cells, Waldeyer), or as epithelial cells derived 
from the Wolffian body (Klein), but until their development has been fully traced, 
nothing certain with regard to their nature can be stated. In sections of the foetal 
testis, the cells in question are not distinguishable from the other cells of the develop- 
ing intertubular connective tissue. Similar cells are met with in the stroma of the 
ovary. 

The capillaries form a close network over the walls of the seminiferous 
tubules. 

The nerves of the testis appear not to be provided with ganglia, as is the case 
with most of the visceral nerves, nor have they been ti'aced into the interior of the 
seminiferous tubules, but they ramify over the tubules and many are distributed 
to the blood-vessels. 

Ihiets of the testis. — As the convoluted tubuli seminiferi approach the medi- 
astinum testis they unite, as before said^ with one another at acute angles into a 
smaller number of tubes which have a less flexuous course, and at length become 
nearly straight. Close to the mediastinum they taper into short, straight tubes 
(tnbnli recti), of smaller diameter than the seminiferous tubes, and differing from 
them in the character of their epithelium (fig. 245). This, in the straight tubules, 
is a single layer of flattened or cubical cells continuous with the outer or lining cells 
of the seminiferous tubes. The basement membrane is also continued on to the 
straight tubules. 

The straight tubules open into a network of vessels which lies in the fore part of 
the mediastinum, and was named by Haller, rete Tascnlosiuii testis (fig. 245, c). 
The tubes composing the rete have no proper walls, but are merely channels in the 
fibrous stroma, lined by flattened epithelium. Their diameter is greater than that of 
the tubuli recti. The secretion from the testis is accumulated in the rete testis, and 
is conducted to the upper and back part of the testis, whence it is conveyed away 
by the eiFerent tubules^ or vasa eflforentia. These are from twelve to fifteen, or 
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sometimes twenty in number ; they perforate the tmiica albuginea beneath the 
globus major of the epididymis, of which they may be said to form a part, and in 
the convoluted canal of which they ultimately terminate. On emerging from the 
testis, these yasa efferentia are straight, but, becoming more convoluted as they 
proceed towards the epididymis, they form a series of small conical masses, the 
bases of which are turned in the same direction, and which are named eoni vcumlosi 





Fie'. 



2i5.— P^SSAOB or OONFOLUTRli 8BMINIFBR0US TUBOLSS INTO STRAIQHT TUBULKS, AND OF THBSB 

INTO THB RXTB TESTIS. (Mihatkovics.) 
a, seminiferous tabules ; ft, fibrous stroma continued from the mediastinum testis ; o, rete testis. 



Fig. 246. — DocTs or the tbstiolb injbotbd with mbrcurt. (Prom Haller.) 
a, body of the testicle ; 5, tubali in the interior of the gland ; c, rete Tasculosum ; d, rasa 
eifferentia terminating in the coni Tasculosi ; e, /, 7, conroluted canal of the epididymis ; A, vas 
deferens ascending from the globus minor of the epididymis. 



(figs. 237, 246). They are about 0*5 mm. in diameter. The largest of the cones is 
about 14 mm. long, and when unrolled, each is found to consist of a single coiled 
duct, varying from 150 mm. to 200 mm. in length, and the diameter of which 
gradually decreases from the testis to the epididymis (Huschke). Opposite the 
globus major these separate efferent vessels open, at intervals which, in the un- 
ravelled tube, are found to be about 75 mm. in length, into a single canal or duct, 
the intervening and subsequent convolutions of which constitute the epididymis itself. 
The eanal of the epididynuB (fig. 246, e.f,g) is disposed in very numerous cx)ils, 
and extends from the globns major downwards to the globus minor or tail, where, 
turning upwards, it is continued on as the vas deferens. When its complicated 
flexuosities are unrolled, it is found to be twenty feet (6 or more metres) in 
length. The smallest windings are supported and held together by fine areolar 
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ti88ae } but, besides thif , nuiperous incwnplete, transverse, fibrous partitions are. 
interposed between larger masses of the coils, which have been named the lobes of 
the epididymis. The canal of the epididymis is, at its commencement, about 
0-4 mm. in diameter, but diminishing as it proceeds towards the globus minor, it is 
about 0*27 mm., after which it again increases in size, and becomes less deeply con- 
voluted as it approaches the vas deferens. Its coats, which are at first thin, become 
thicker in its progress. 

The vasa eflferentia have a layer of circular muscular fibres, to which in the tube 
of the epididymis is added an external longitudinal Ifiyer, both' being relatively thin. 

Fig. 247.— Imj<cted testis, bpididtxis, ahd vas 
DBFBRBiis. (From Kdlliker, after Arnold.), f. 

a, body of the testicle ; b, loboles ; c, rasa recta ; 
d, rete Tastsuloeaiii ; e, vaaa etTerentia ; /,^ coni 
vasculosi ; ^, epididymis ; k^ Tas deferens; t\ Tas 
aberrans ; m, branches of the spermatic artery 
passing to the testicle and epididymis ; n, ramifica* 
tion in the testis ; o, arteiy of the vas deferens ; 
Pf its union with a twig of the spermatic artery. 

The epithelial lining cells are columnar in 
form, and are ciliated, the cilia being long, 
and causing by their movement a current 
towards the vas deferens. In the epidi- 
dymis the cells are greatly elongated, in 
the vasa efiFerentia they are shorter ; in 
the lower part of the epidiclymis the cilia 
disappear. Between the fi^ed ends of the 
columnar cells other smaller cells are met 
with. 

The Tas deferrais (fig. 247, h), or 
excretory duct of the testis, forms the con- 
tinuation upwards of the convoluted canal 
of the epididymis. It commences at the 
lower end of the epididymis, and, at first rather tortuous but afterwards becoming 
straight, it ascends upon the inner side of the epididymis, and along the back of the 
testicle, separated from both, however, by the blood-vessels passing to and from the 
gland. Continuing then to ascend in the spermatic cord, the vas deferens accom- 
panies the spermatic artery, veins and nerves, as far as the internal abdominal ring. 
Between the testicle and the external ring its course is nearly vertical: it lies 
behind the spermatic vessels, and is readily distinguished by its hard cord-like feel* 
It then passes obliquely upwards and outwards along the inguinal canal, and reach- 
ing the inner border of the internal abdominal ring, it leaves the spermatic vessels 
(which extend to the lumbar region), and turns suddenly downwai^s and inwards 
into the pelvis, crossing over the external iliac vessels, and turning round the outer 
or iliac side of the epigastric artery. Running beneath the peritoneum, it reaches 
the side of the bladder (fig. 249), upon which it descends, curving backwards and 
downwards to the hinder surface of that viscus, and finally passes forwards to the 
base of the prostate gland. In its course within the pelvis, it crosses over the cord 
of the obliterated hypogastric artery, and lies to the inner side of the ureter. 
Beyond this point, where it ceases to be covered by the peritoneum, it is attached to 
the coats of the bladder, in contact with the rectum, and gradually approaching its 
fellow of the opposite side. Upon the base of the bladder, the vasa deferentia are 
situated between two elongated receptacles, named the seminal vesicles (fig. 249, B.v.) ; 
and, close to the base of the prostate, each vas deferens ends by joining with the 
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duct from the corresponding seminal vesicle on its outer side to form one of the 
common seminal or ejaculatory ducts (fig. 249, e.d.). 

The vas deferens measures about a foot in length (300 mm.) ; but when 
extended and unravelled, about half as much again, or even more than this. In 
the greater part of its extent it is cylindrical or slightly compr^aed, and has an 
average diameter of about 2-5 mm., with a lumen of 0*7 mnu ; but towards its 
termination, beneath the bladder, it becomes enlarged and sacculated, forming the 
ampulla of Henle, and resembling in shape and structure a part of the seminal 

Fig. 248. — SxcTioN across the oommekokmknt or thk 

TAB DKFBRBNB. (Klein.) 

a, epitheliam ; 6, mucous membrane ; c, (2, e, 
inner, middle, and outer layers of the muscular coat ; 
/, bundles of the internal cremaster muscles ; g, 
section of a blood-vessel. 

vesicle. Previously to its junction with the 
duct of that vesicle, it again becomes 
narrowed into a smaller and straight cylin- 
drical canal. The walls of the vas deferens 
are very dense and strong, and feel hard to 
the touch, owing to the large proportion 
their thickness bears to the inner cavity of 
the tube. In the sacculated portion the 
passage is mucb wider, and the walls are 
thinner in proportion. Small simple and 
branched tubular glands beset the mucous 
membrane of this portion of the duct (Henle). 

Besides an external areolar investment, 
and an internal mucous membrane, the vas 
deferens is provided with an intermediate 
thick muscular tunic, of a deep yellowish 
colour. This coat consists of two layers 
of plain fibres, an outer of longitudinal and an inner of circular fibres (^g. 248, d, e). 
In addition, near the commencement of the tube is an internal longitudinal stratum, 
extremely thin, and constituting not more than ^th of the muscular coat (fig. 248, c); 
in the ampulla, the inner longitudinal fibres are absent. 

The lining membrane exhibits on its surface three or four longitudinal ridges, 
and, besides this, in the sacculated portion of the duct, it is marked by numerous finer 
rugse which enclose irregular polyhedral spaces, resembling in this alveolar character 
the lining membrane of the seminal vesicles. The epithelium is of the columnar 
kind, and not ciliated. As in the epididymis, there is a deeper layer of small cells 
between the columnar cells. 

According to Steiner the epithelium may be ciliated in parts, or it may show a character 
similar to that of the ureter and bladder. 

Vaa aberrans.— This name was applied by Haller to a long narrow tube, or diverticulum 
(fig. 247, i), discovered by him, and almost invariably met with, which leads off from the 
lower 'pajct of the canal of the epididymis, or from the commencement of the vas deferens, and, 
becoming tortuous and convoluted, is rolled up into an elongated mass which extends upwards ' 
for an inch or more amongst the vessels of the spermatic cord, where the tube ends by a 
closed extremity. Its length, when it is nnraveUed, ranges from about two to twelve or 
fourteeh inches; and its width increases towards its blind extremity. Sometimes this 
divertieahim is branched, and ocoasionaUy there are two or. more such aberrant ducts. Its 
structure appears to be similar to that of the vas deferens. Its origin is probably connected 
with the Wolffian duct of the fcetus, but the exact mode of its formation and its office are 
unknown. Luschka states that occasionally it does not communicate with the canal of the 
epididymis, but appears to be a simple serous cyst. 
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Roth has described other small blind vasa aberrantia lying along the epididymis and 
connected with the rete testis. 

Orffan of Qlrald^. — The small body thus named is situated in the front of the cord 
immediately above the caput epididymis (see fig*. 235, g). It consists usually of .several small 
irregular masses containing convoluted tubules lined with columnar ciliated epithelium, and 
is scarcely to be recognised until the surrounding connective tissue has been rendered 
transparent by re-agents. It has also received the name of paradidymis (Waldeyer). Its 
tubules appear to be vestiges of part of the Wolffian body. 



The saminal vesioleB are two membranous receptacleB, situated, one on each 
side, upon the base of the bladder, between it and the rectum. When distended, they 
form two long sacculated bodies, somewhat flattened on the side next the bladder, to 

Fig. 249. — Bask op thb malb bladdir, 

THB PR08TATB 0LAK1>, THB BOOT OF 
THB PERIS, Ac. (J. S ) 

b1, part of base covered by peri- 
toneum, separated by a dotted line from 
a triangular space left uncovered by that 
membrane ; u, ureter ; s. v., seminal 
▼esicle ; b. n. , ejaculatory duct ; p, pros- 
tate ; M., membranous part of urethra ; 
b, bulb ; c. s., corpus spongiosum ; c. o., 
Cowper's gland. 

which they are firmly attached, and 
convex on their posterior surface ; 
they are widened above and 
narrow below (fig. 249, s. v.). 
Their length is usually about two 
inches (50 mm.), and the greatest 
breadth about half an inch 
(12*5 mm.); but they vary both in 
size and shape in different indi- 
viduals, and also on the two sides. 
Their upper obtuse extremi- 
ties are separated widely from 
each other, but anteriorly they 
converge so as to approach the 
two vasa deferentia, which run 
forwards to the prostate between 
them. With the vasa deferentia 
thus interposed, they occupy the 
two diverging sides of the tri- 
angular portion of the base of 
the bladder, which lies upon the 
rectum, and is bounded behind 
by the line of reflexion of the 
peritoneum at the extremity of 
the recto-vesical pouch. The 
seminal vesicles themselves also rest upon the rectum, but are separated from it by a 
layer of the recto-vesical fascia,which attaches them to the base of the bladder. 

The sacculated appearance of the seminal vesicles is owing to their peculiar 
formation. Each consists ot a tube somewhat coiled and repeatedly doubled on 
itself, and invested by dense fibrous tissue. When unrolled, this tube is found to 
be from four to six inches long, and about the width of a quill. Its upper 
extremity is closed, so that it forms a long cul-de-sac ; but there are generally, if 
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not always, several longer or shorter branches or diverticula connected with it, which 
also end bj closed extremities (fig. 249). Inferiorly the seminal vesicle becomes 
straight and narrowed, and ends opposite the base of the prostate by uniting on it9 
inner jside, at an acute angle^ with the narrow termination of the corresponding vas: 
deferens to form a single canal, which is the common seminal or ejaculatory duct. 

The vesiculaB seminales receive branches from the ntferior vesical and middle 
hcenunrhaidal arteries and veins. The nerves belong to the sympathetic system, and 
come from the hypogastric plexus. 

In structure, the seminal vesicles resemble very closely the adjoining sacculated 
portions of the vasa deferentia. Besides an eztemal investment, connected with the 
recto-vesical fascia, and containing vessels of considerable size, lymphatics, and 
gangliated nervous cords, they have a muscular coat and a mucous membrane. Th^ 
muscular layers are thin compared with those of . the vas deferens, and consist 
of two layers, an outer of longitudinal, and an inner of circular fibres. A 
considerable amount of plain, oiuscular tissue is found covering the posterior 
surfiBtce and extending transversely between the two vesicles. There are also longi- 
tudinal fibres traceable over the vesicles from those of the bladder (Bllis, Henle). 
The mucous membrane is traversed by very many fine rugae, which form an alveolar 
structure resembling that seen in the gall-bladder, but deeper and tnclosing much 
finer meshes. The epithelium of the vesicles is columnar with a deeper layer of 
small polyhedral cells. 

The ducts of the testis serve as receptacles or reservoirs for the semen, as is proved by a 
microscopic examination of their contents ; but, this is not usually the case with the seminal 
vesicles : it is probable that they secrete a peculiar fluid which is incorporated with the semen. 

The common seminal or ejacnlatory dncts, two in number (fig. 249, e.d.), 
are formed on each side by the junction of the narrowed extremities of the corre- 
sponding vas deferens and vesicula seminalis, close to the base of the prostate gland. 
From this point they run forwards and downwards, at the same time approaching 
each other, and then pass side by side through the prostate between its middle and 
two lateral lobes. After a course of nearly an inch, during which they become 
gradually narrower, they end in the fioor of the prostatic portion of the urethra by 
two small slit-like orifices placed on the verumontanum, one on each prominent 
margin of the opening of the prostatic utricle (fig, 261, d). For a short distance 
the ejaculatory ducts run in the substance of the walls of the utricle. 

The coats of the common seminal duct, as compared with those of the vas 
deferens and vesicula, are very thin. The muscular coat consists of an outer thin 
circular and an inner longitudinal layer, the outer longitudinal fibres becoming 
blended with the muscular tissue of the prostate. The strong areolar tunic almost 
entirely disappears after the entrance of the ducts between the lobes of the prostate, 
but muscular fibres may be traced into the prostatic portion. The mucous membrane 
becomes gi-adaally smoother as it passes into that of the urethra. Its epithelium is 
like that in the seminal vesicles and vas deferens. According to Henle, the 
muscular fibres of the duct as it passes through the prostate are separated from one 
another by blood-vessels, and form the trabecules of a layer of cavernous tissue. 

These ejaculatory dtrots convey the fluid contained in the seminal vesicles and 
vasa deferentia into the urethra. Their canal gradually narrows as they approach 
their termination, where the diameter is reduced to 0*6 mm. 

Vessela and nerves of the testis. — The testicle and its excretory apparatus 
receive blood-vessels and nerves from sources which are different from those giving 
the vascular and nervous supply to the coverings of those parts. 

Arteries. — The spermatic artery^ or proper artery of the testicle, is a slender and 
remarkably long branch, which arises from the abdominal aorta, and passing down 
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the posterior abdominal wall reaches the epennatic cord, and descends along it to 
the gland. In early foetal life its cx)ar8e is mnch shorter, as the testis is then situated 
near the part of the «orta from which the arter]^ arises. As the vessel approaches- 
the testicle, it gives off small' branches to the epididymis, and then dividesinto others 
which perforate the tunica albuginea at the back of the gland, and pass through the 
cor^s Highmori ; some spread out on the internal snrfttoe of the tunica albuginea, 
whilst others run between the lobes of the testis, supported by the fibrous processes' 
of the mediastinum. The smallest branches ramify on the delicate membranous 
septa between the lobes, before supplying the seminiferous tubes. 

The vas deferens receives from one of the vesical arteries a long slender branch 
which accompanies the duct, and hence is named the artery of the vas defm-ens. It 
ramifies in the coats of the duct, and reaches as far as the testis, where it anasto- 
moses with the spermatic artery. 

Veins. — The spermatic veins commence in the testis and epididymis, passing out 
at the posterior border, where they unite into larger vessels, which freely communi- 
cate with each other as they ascend along the cord, and form the pampintform plexas.- 
Ultimately two or three veins follow the course of the spermatic artery into the* 
abdomen, where they unite into a single trunk (spermatic vein), that of the right 
side opening into the inferior vena cava, and that of the left into the left renal vein. 

LymphatioB. — The lymphatics accompany the spermatic vessels and terminate 
in the lumbar lymphatic glands, which encircle the large blood-vessels in front of the 
vertebral colunm. As previously stated, they begin from intercommunicating lymph 
spaces which occupy the intervals between the tubuli seminiferi. 

Verves. — The nerves are derived from the sympathetic system. The spermatic 
plexus is a very delicate set of nervous filaments, which descend upon the spermatic 
artery tVom the renal and aortic plexuses. &)me additionaV filaments, which are 
very minute, come from the hypogastric plexus, and accompany the artery of the 
vas deferens. 

THE FBinS. 

The penis is composed principally of erectile tissue, arranged in three long 
somewhat cylindrical masses, which are enclosed in fibrous sheaths, and are united 
together so as to form a three-sided prism which receives a covering from the 
general integument Of these masses, two, named corpora cavernosa penis, placed 
side by side, form the principal part of the organ, whilst the other, situated beneath 
the two preceding, surrounds the canal of the urethra, and is named corpus 
cdvemosum urethree or cotpus spongiosum. 

The penis is attached at its root to the symphysis of the pubes, and to the pubic 
arch ; in front it ends in an enlargement named the glans, which is structurally 
similar to and continuous with the corpus spongiosum. The intermediate portion or 
body of the penis, owing to the manner in which its three component parts are 
united together, has three somewhat flattened and grooved sides and three rounded 
borders : the upper side is named the dorsum. The glans penis, which is slightly 
compressed above and below, has at its extremity a vertical fissure forming the 
external orifice of the urethra (meatus urirutrius) ; its base, which is wider than the 
body of the penis, is hollowed out to receive the narrowing extremities of the 
corpora cavernosa ; its border is rounded and projecting, and is named the corona 
glandis, behind which is a constriction of the penis named the cervix. The median 
fold of integument connecting the glaus below the urethral orifice to the inferior 
border of the penis is named the frcenum of the prepuce. 

The integument of the penis, which is continued from that of the pubes and 
scrotum, forms a simple investment as far as the neck of the glans. Here it 
is doubled up in a loose fold, the prepuce or fore-skin. The inner layer of this fold 
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is firmly attached behind the oervix ; and from thenoe the integament, becoming 
cloeelj adherent, is continued forwards over the corona and glans, as &r as the 
orifice of the urethra, where it meets with the mncous membrane of the urethra. 




Fig. 250.— Median section or malb pilvis, pbris, and scrotum. (J. S.) }, 

•• C.C., corpus cavernosuni ; s, corpus spongiosum ; b, its bulb ; o, part forming- the glans penis. For 
the other lettering, see p. 114. 
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Upon the body of the penis the skin is thin, free from fat, and, in the anterior 

two-thirds of its length, from hairs also ; in these respects differing remarkably from 

. i . 

Fig. 251. — Transvbbsx sectiok passiho 

FHOX ABOVB DOWNWARDS ^ND BACK- 
WARDS THROUGH PUBIO STMPHT8I8, 
ROOT OP PKNIS, AHD SKIK OF PBRI- 
MBUM. (J.S.) \, 

P.S., pubic symphjsis ; i.r,, inferior 
ramus of pubis (the ramus of the ischium 
and the ischial tuberosity are posterior 
to the phue of this section) ; o.p., cms 
penis ; b, bulb of corpus spongiosum ; 
I.e. , ischio-cavemosus muscle ; b.c., bulbo- 
cavemosus muscle ; p. v., superficial peri- 
neal vessels and nerves ; s. of p. , skin 
of perineum ; d.v., dorsal vein of penis 
with an artery and a nerre on each side. 

that on the pnbes, which is thick, 
covers a large cushion of &t, and, 
after puberty, is beset with hairs : 
the skin of the penis is moreover 
very movable and distensible, and 
is of a darker colour than the skin 
generally. At the free margin 
of the prepuce the integument 
changes its character, and ap- 
proaches that of a mucous mem- 
brane, being red, thin, and moist 
Numerous sebaceous glands are 
collected round the cervix of the penis and corona glandis ; they are named the 
glands of Tf/son, or glandule odorifercb^ their secretion having a peculiar odour. 
Upon the surface of the glans the integument again changes its character ; 

Fig. 252. — Root of thb pbnis attach kd to thk rami of 
thr pubbs AHD ISCHIUM (from Kobelt). ]. 

a, a, ejaculator urine muscle covering the bulb of 
the spongy body of the urethra, with at «, poste- 
riorly, a median notch ; 6, 6, anterior slips of the bulbo- 
cavumosus muscle passing round the sides of the corpora 
cavernosa ; c, c, crura of the penis, with an oval dila- 
tation or bulb of the corpus cavemosum; (/, d, ischio- 
cavernosi or erectores penis muscles ; / corpus spongiosum 
urethrsB. 

it contains no glands, but is beset with large 
vascular and nervous papillaB, and it adheres 
most intimately and immovably to the spongy 
tissue of the glans. 

Beneath the skin, on the body of the penis, 
the ordinary superficial fascia is very distinct ; 
it is continuous with that of the groin, and 
also with the dartos tissue of the scrotum. 
Near the root of the organ there is in front a 
dense baud of fibro-elastic tissue, named the 
suspensory ligammt^ lying amongst the fibres 
of the superficial fascia ; it is triangular in 
form ; its anterior border is free, its upper border is connected with the fore part 
•of the pubic symphysis, and below it runs down upon the dorsum of the penis. 
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The integuments of the penis are sapplied with blood by branches of the dorsal 
artery of the penis and external pudic ; the veins join the dorsal and external pudic 
veins. Their nerves are derived from the dorsal and mtemal superficial perineal 
branches of the ptuiie nerves. 

The corpora oavemosa form the principal part of the body of the penis. They 
are two cylindrical bodies placed side by side, flattened on their median aspects, 
and closely united and in part blended together along the middle line in the 
anterior three-fourths of their length ; whilst at the back part, in contact with the 
symphysis pubis, they separate from each other in the form of two bulging and then 
tapering processes named crura, which, extending backwards, are attached to the 
pubic and ischial rami, and are invested by the erectores penis or ischio-cavemosi 
muscles. The enlarged portions at the root, named by Kobelt the bulbs of the corpora 
cavernosa, attain a much greater proportionate development in some quadrupeds 
than in man. In front, the corpora cavernosa are closely bound together into a 
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Fig. 253. — Transyersr skotion of the olans pbnis in a distended state, 4 an inch behind the 

MEATUS. (J. S.) 

1, glann penis ; 2, prepuce ; 3, urethra ; i, frsenuiD of the prepuce. 
Fig. 254.— Transverse section op the olans penis in a distended state, J or an inch behind 

THE meatus. (J. S.) 

1, glans penis ; 2« prepuce ; 3, urethra ; 5, corpus spoDgioBum ; 6, corpus caTemosum. 

Fig. 255. —Transverse section of the body of the penis in the distended state (altered from 

Henle). ' 

The outer outline indicates the integument surrounding the deeper parts ; the erectile tissues of the 
corpora cavernosa and the septum pectiniforme are shown in section ; u, placed on the section of the 
spongy body, below the urethra ; t?, the single dorsal vein ; a, the dorsal artery, and n, the nerve of 
one side. 

blunt conical extremity, which is covered by the glans penis and firmly connected 
to its base by fibrous tissue. 

The under surface of the united cavernous bodies \» marked by a longitudinal 
groove, in which is lodged the corpus spongiosum. The upper or anterior surface 
is also marked with a slight median groove in which the dorsal vein of the penis 
is situated, and near the root is attached to the pubes by the suspensory ligament. 

Stmetnre. — The median septum between the two corpora cavernosa is thick 
and complete near the root of the penis ; but further forward it becomes thinner, 
and only imperfectly separates their cavities, for it exhibits, particularly towards 
the anterior extremity, numerous clefts, extending from the doi-sal to the urethral 
edge, and admitting of a free communication between the erectile tissue of the two 
sides. From the direction of these slits, the intermediate white portions of the 
septum resemble somewhat the teeth of a comb, and hence the partition has received 
the name of septum pectiniforme. 

The external fibrous investment of the cavernous structure is white and dense, 
from one to two millimetres thick, and very strong and elastia It is composed 
for the most part of longitudinal bundles of shining white fibres, with numerous 
well-developed elastic fibres, enclosing the two corpora cavernosa in a common 
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covering ; and internal to this, each corpus cavernosum is surrounded by a layer of 
circular fibres, which enter into the formation of the septum. 

From the interior of the fibrous envelope, and from the sides of the septum, 
numerous lamellae, bands, and cords, composed of fibrous elastic and plain muscular 
tissue, and named trabeculce, pass inwards, and run through and across the cavity iu 

Fig. 256. -- Seotioh op brbctiur 

TI88UB OP PBIII8 IV A KOH-DIB- 
TKXDKD OONDITIOH (Gudiat). 

Of tiabeculae of connectiTo tuauc 
with many elastic fibres and bundles 
of plain moscular tissue cot across (e) ; 
b. Tenons spaces. 

all directions, thus subdividing 
it into a multitude of inter- 
stices, and giving the entire 
structure a spongy character. 

The trabecula, whether 
lamelliform or cord-like, are 
larger and stronger near the 
circumference than along the 
centre of each cavernous body, 
and they also become graduaUy 
thicker towards the crura. 
The interspaces, conversely, 
are larger in the middle than near the surface ; their long diameter is, in the latter 
situation, placed transversely to that of the penis : and they become larger towards 
the forepart of the penis. They are occupied by venous blood, being in reality large 

Fig. 257.— Portion op the brvctile tissue 

OF THE 00RPU8 CAVERNOSUM MAGNIPIED, 
SHOWING THE AREOLAR STRUCTURE ANI> 
THE VASCULAR DISTRIBUTION (fpom J. 

MuUer). 
a, a small artery supported by the laiger 
trabeculffi, and branching out on all sides ; 
c, the tendril-like arterial tufts or helioine 
arteries of Mttller ; d, the areolar structure 
formed by the finer trabecule. 








cavernous veins, and are lined by a 
layer of fiattened epithelium similar 
to that lining other veins. 

The intertrabecular spaces thus 
form a labyrinth of intercommuni- 
cating venous areolae divided by the 
trabecular tissue, and opening freely 
from one corpus cavernosum to the 
other through the septum, especially 
in front. The blood is carried away 
from these spaces by two sets of veins, the one set joining the prostatic plexus and 
pudendal. veins ; the others passing into the dorsal vein. » Of these last 8<;mie issue 
from between the corpus cavernosum and the spongy body of the urethra, encircling 
the penis nearly at right angles, while others pass more directly into the dorsal vein 
from the upper surface. 

The principal arteries of the corpora cavernosa are the cavernous branches of the 
pudic arteries (profunda^ penis), of the right and left sides ; but the dorsal artery of 
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the penis also sends small twigs through the fibroas sheath of the corpora cavernosa, 
along the upper surface, especially in the fore part of the penis. Within the 
cavernous tissue, the numerous branches of arteries are supported by the trabecute 
in the middle of which they run, and terminate in branches of capillary minuteness 
which open into the intertrabecular spaces ; some of the arterial twigs project 
into the spaces, and form peculiar curling and somewhat dilated vessels, which 
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Pig. 258. — Part of a section of onb of thk corpora cavernosa, injected from the deep artery of 

THE penis (Henle). 
On the left is seen the fibrous tissue ; at *, a section of the arteria profunda penis. 

were named by J. Miiller, helicine arteries. These are usually bound down by small 
fibrous bands (fig. 259,* *), and it appears to be due to this circumstance that these 
projecting vessels acquire a looped or tortuous aspect when distended with injection. 
The helicine arteries are most abundant in the posterior part of the corpora 
cavernosa, and are found in the corresponding part of the corpus spongiosum also ; 

Fig. 259. — Helicine arteries with their sheaths, 
AS SEEN WITH A LOW POWER (Henle). 
A and B, from the corpus caTemosnm penis ; D, from 
the corpus spongiosum uretbne ; C, trausverse section 
of one of the helicine arteries ; in this and the other 
figures the smaller lateral prolongations of the arterial 
vessels into the sheath are shown ; * *, fasciculi of 
connective tissue passing off from the summit of two of 
the sheaths. 

but they have not been ?een in the glans 
penis. They are more distinct in the human 
subject than in animals, where they are often 
missed. Small capillary branches pass from 
them to supply the tissue of the enclosing 
sheath. 

In addition to the blood which passes 
into the venous spaces from the capillary 
network of the sheath and trabeculae some 
small arteries are said by C. Langer to open 
directly into the larger venous spaces. 

The corpus spongiosiuii nrethraB com- 
mences below the triangular ligament of the 

perineum, where it is placed between the diverging crum of the corpora cavernosa, 
and somewhat behind their point of junction. The enlarged and rounded posterior 
extremity is named the bulb, and projects backwards somewhat beyond the urethra. 
It extends forwards as a cylindrical, or slightly tapering body, lodged in the groove 
on the under side of the united cavernous bodies, as far as their blunt conical 
anterior extremity, over which it expands so as to form the glans penis already 
described. In the whole of this extent it encloses the urethra. 

VOL. III., PT. 4. R 
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The posterior bulbous part, or bidb of the urethra, varies in size in diflferent 
subjects. It receives an investment from the triangular ligament on which it rests, 
and is embraced by the ejaculator urinae, or bulbo-cavernosus muscle. The posterior 
extremity of the bulb exhibits, more or less distinctly, a subdivision into two lateral 
portions or lobes, separated by a slight furrow on the lower surface, and by a slender 
fibrous partition within, which extends for a short distance forwards ; in early 
infancy this is more marked. It is above this part that the urethra, having pierced 
the triangular ligament, enters the bulb, surrounded obliquely by a portion of the 
spongy tissue, named by Kobelt the collieulus bulbt\ from which a layer of venous 








Fig. 260. — Section OF THX CORPUS 8Poif* 

OIOSUM INJSOTKD FROM ITS ARTERY 

(Henle). 

1, fibroas tanic of the corpus spon- 
giosum ; 2, mucous membrane of tbe 
urethra ; 3, section of a lacuna of the 
mucous membrane ; i, section of an 
artery. 

erectile tissue passes back upon 
the membranous and prostatic 
portions of the urethra to the 
neck of the bladder, lying closely 
beneath the mucous membrane. 
At first the urethra is nearer the 
upper than the lower part of the 
corpus spongiosum, but it soon 
gains and continues to occupy 
the middle of that body. 

Aooording to the obserrations of Retterer, which are founded mainly upon a study of 
the development of the organ, the glans penis is only formed as to the part immediately 
encircling the urethra by true corpus spongiosum, the greater portion being developed 
from integumental tissue, which has become very vascular and cavernous, and which 
has united with the anterior ends both of the corpora cavernosa and of the corpus 
spongiosum ; the vascular connection with the latter being however by far the most 
complete. 

S ira c ti i re. — This is essentially the same as that of the corpora cavernosa, but 
with a much less developed fibrous framework. Like the corpora cavernosa, it is 
distended with blood during erection, but it never acquires the same rigidity. The 
fibrous tunic (fig. 260, 1) is much thinner, is less white in colour, and contains more 
elastic tissue ; the trabeculse are finer and more equal in size ; the areolae are smaller, 
more uniform, and directed for the most part with their long diameter in the line of 
that of the penis ; in the glans, the meshes are smallest and most uniform. Plain 
muscular fibres immediately surround the canal of the urethra, and also form part of 
the external coat of the spongy substance. 

Blood-TOBseLi. — ^Arteries. — A considerable artery derived from the internal 
pudic enters the bulb on each side, and supplies the greater part of the spongy body, 
sending branches as far as the glans penis, but this part is chiefly supplied by 
branches from the arteria dorsalis. Besides these, there is another but much smaller 
branch of the pudic artery, entering the bulb on the upper surface, about an inch 
from its posterior extremity, and running forwards in the corpus spongiosum to the 
glans (Kobelt). The arteries open into the venous spaces chiefly if not entirely by 
the intervention of capillaries. Veins issue from the glans and adjoining part of 
the spongy body, to end in the vena dorsalis petiis / those of the rest of the spongy 
body for the most part pass backwards through the bulb, and end in the prostatic 
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and pudic venous ' pkruses ; some emerge from beneath the corpora cavernosa, 
anastomose with their veins, and end partly in the cutaneous reins of the penis and 
scrotum, and partly in the^i^^i^ and obturator veins. 

The lymphatiCB of the penis form a dense network on the skin of the glans 
and prepuce, and also underneath the mucous lining of the urethra. They pass 
chiefly into the inguinal glands. Deep-seated lymphatics are also described as 
issuing from the cavernous and spongy bodies, and passing under the pubic arch 
with the deep veins, to join the lymphatic plexuses in the pelvis. 

The nerves of the penis are derived from the dorsal and superficial perineal 
branches of the pudic nerve and from the hypogastric plexus of the sympathetic. 
The former are distributed to the skin and mucous membrane, the latter entirely 
to the cavernous and spongy bodies. Simple and compound end-bulbs (genital 
corpuscles) occur numerously on the nerves of the penis, and Pacinian bodies have 
been found on the nerves of the glans (see Vol. I., Part 2, p. 338). 

URETHRA 07 TEX MAUB. 

The male urethra extends from the neck of the bladder to the extremity of the 
penis. Its total length when moderately stretched is about 8^ inches (20.4 cm.), 
but it varies with the length of the penis, and the condition of that organ. Except 
during the passage of urine or semen the walls of the canal are in close apposition, 
the outline of the urethral cleft being vertical in the glans penis, transverse in the 
body of the penis, and cresceutic about the middle of the prostatic part. Its 
diameter when moderately distended differs at different parts, as will be stated more 
particularly hereafter. The tube consists of a continuous mucous membrane, 
supported by an outer layer of submucous tissue connecting it with the several parts 
through which it passes. In the submucous tissue there are, throughout the whole 
extent of the urethra, two layers of plain muscular fibres, the inner fibres disposed 
longitudinally, and the outer in a circular direction. The urethra may be divided 
into two parts, a vrinary and a uro-genitah The urinary portion is about half an 
inch in length and extends from the vesical orifice to the openings of the common 
ejaculatory ducts. The nro-genital part, as its name implies, serves as a channel 
for both the urine and the spermatic fluid. It comprises the remaining and much 
the longer division of the urethra. 

More commonly, however, the urethra is described under the three divisions of 
the prostatic, membranous or muscular, and spongy or penile portions. 

1. The first, or prostatic portion, is the part which passes through the prostate 
gland. It is about 1} inches in length, is the widest part of the canal, and is wider 
in the middle than at either end : at the neck of the bladder its diameter is nearly 
one-third of an inch, in the next part it widens a little, so as to be rather more than- 
this (in old persons nearly half an inch), farther on it diminishes, until, at its 
inferior limit, it is smaller than at its commencement. Its direction is vertical or 
very nearly so. Though enclosed in the firm glandular substance, it is more dilatable 
than any other part of the urethra ; but immediately at the neck of the bladder, it 
is much more resistant. The transverse section of the urethra, as it lies in the 
prostate, is curved with the convexity forwards. 

The lining membrane of the prostatic portion of the urethra is thrown into 
longitudinal folds, when not distended by fluid. Towards the neck of the bladder, 
a slight elevation on the posterior surfac3 passes back into the uvula vesicae. Some- 
what in advance of this, and continued from it along the floor of the passage, 
projects a narrow median ridge, about three quarters of an inch in length, and one 
eighth of an inch in its greatest height ; this ridge gradually rises into a peak, and 
sinks down again at its anterior or lower end ; it is formed by an elevation of the 
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mucous membrane and subjacent tissue. This is the crest of the urethra (crista 
urethrcB), which also receives the names of collictdus seminalis, caput gallinagmis and 
verumantanum. On each side of this ridge the surface is slightly depressed, so as to 
form a longitudinal groove, named the prostatic sinus, the floor of which is pierced 
by numerous foramina, the orifices of the prostatic ducts. Through these a viscid 
fluid oozes out on pressure ; the ducts of the middle lobe open above the urethral 

Fig. 261. — The lover part of the 

BLADDER AND THE PROSTATIC, 
MEMBRAKOnS, AND BULBOUS PARTS 
OF THE URETHRA OPENED FROM 

ABOVE. (Alien ThomBon. ) 

A portion of the wall of the bladder 
and the anterior part of the prostate 
gland have been removed, the corpora 
cavernosa penis have been separated 
in the middle line and turned to the 
side, and the urethra has been slit 
up ; the bulb is left entire below, and 
upon and behind it the glands of 
Cowper with their ducts have been 
exposed, t, placed in the middle of 
the trigonum vesicae ; v, n, oblique 
apertures of the ureters ; from these 
an elevation of the wall of the bladder 
is shown running down to u v, the 
uvula vesicae ; l, the longitudinal 
muscular fibres of the bladder passing 
down upon the prostate ; 8 v, the 
circular fibres of the sphincter ; p^ 
the gkndular part of the prostate ; 
p\ the prostatic portion of the urethra 
from the uvula vesica a median ridge 
is seen descending to the caput gal- 
linaginis, in which s indicates the 
opening of the prostatic utricle, and 
df that of one of the ejaculatory 
ducts ; m, the commencement of the 
membranous portion of the nrethim ; 
b, the bulb of the spongy body ; b\ 
the bulbous part of the urethra ; c, 
one of Cowper's glands ; e dy e d, 
course and orifice of its duct lying 
upon the bulb, and passing forward 
between the spongy body and the 
urethra, into which along with its 
fellow it opens ; c c, one of the corpora 
cavernosa. 

crest, and some others open below it. The prostatic urethral mucous membrane is 
covered by a laminated epithelium like that of the bladder. 

At the foi*e part of the most elevated portion of the crest, and exactly in the 
middle line, is the orifice of a blind recess, upon or within the lateial margins of 
which are placed the slit-like openings of the common seminal or ejaculatory ducts, 
one at each side. This median opening leads into the prostatic utricle, which has 
been named also sinus pocularis, vesicula prostatica or uterus masculinus. It was 
first described by Morgagni, and corresponds with the vagina and uterus in the 
female, its prominent lateral lips being supposed to represent the hymen. 

The vesicle forms a cul-de-sac running upwards or backwards, for a distance of 
from a quarter to half an inch (6 to 12 mm.). Its orifice forms a longitudinal cleft 
about 2 or 3 mm. in length, but the vesicle increases somewhat in diameter towards its 
farther end or fundus. The narrow portion runs in the urethral crest, and its 
fandus lies behind and beneath the middle lobe, and in some cases reaches to the 
posterior surface of the prostate gland. Its parietes, which are distinct, and of 
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Fome thickness, are composed of fibrous tissue and mucous membrane, together with 
a few muscular fibres, and enclose on each side the ejaculatory duct ; numerous 




Fig. 262. — MxDiAX section of thk halk pklvis and ubkthba. (J. S.) I 

BL., bladder : p.s., pubic symphysis ; f., fat ; p, p', pnjstate ; bu, bulb of corpus spongiosum ; m, 
membranous portion of urethra ; s^ spongy portion ; a. glans penis. For other references see p. 114. 
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small ramified and convoluted glands open on its inner sarface. The epithelium is 
columnar and is by some authors stated to be ciliated. There are small glands 
opening into its cavity near the entrance into the urethra. The caput gallinaginis 
contains some well-marked erectile and plain muscular tissue, and it has been 
supposed that this eminence, when distended with blood, may offer an obstacle to 
the passage of the semen backwards into the bladder. 

2. The membranous portion of the urethra comprises the part between the 
apex of the prostate and the bulb of the corpus spongiosum. It is three quarters of 
an inch (18 mm.) long, but about half an inch of its posterior surface is covered by 
the bulb of the corpus cavemosum which projects backwards over it. This 
membranous portion is the narrowest division of the urethra. In the middle its 
diameter is one-fifth of an inch (5 mm.) : at the end not quite so much. It is 
directed downwards and slightly forwards beneath the pubic arch, the anterior 
slightly concave surface being distant nearly an inch from the pubio symphysis, 
leaving an interval, occupied by the dorsal vessels and nerves of the penis, by 
areolar tissue, and some muscular fibres. Its posterior convex surface is turned 
towards the rectum. It lies betweeli the two layers of the triangular ligament, and 
both these fibrous membranes are prolonged upon it, the one backwards and the 
other forwards. Between these two layers the urethra is surrounded by erectile 
tissue, by some veins, and also by plain muscular tissue, and the fibres of the com- 
pressor urethrae muscle. On each side are Cowper's glands. The plain muscular 
fibres of this portion of the urethra are continued over the outer and inner surfaces 
of the prostate into the muscular fibres of the bladder posteriorly, and into those of 
the spongy portion of the urethra anteriorly (Hancock). 

8. The spongy portion of the urethra, by far the longest and most variable in 
length and direction, includes the remainder of the canal, or that part which is 
surrounded by the erectile tissue of the corpus spongiosum. Its length is about six 
inches (1 50mm. ). The direction of the spongy portion of the urethra varies in different 
parts of its course and under different conditions. Thus it inclines forwards and 
downwards for a short distance in front of the superficial layer of the triangular 
ligament, and then turns forwards and somewhat upwards to about the middle of 
its length, where in the flsiccid condition of the penis it usually bends sharply 
downwards to the external meatus. During erection of the penis or when tills 
organ is drawn forwards, as in passing a catheter, this temporary curve is obliterated 
and the spongy part is straight frcm the external meatus to the neighbourhood of 
the bulb. The part contained within the bulb, sometimes distinguished as the 
bulbous portion^ or sinus, is somewhat dilated. The succeeding portion, as far as the 
glans, is of uniform diameter, being intermediate in this respect between the bulbous 
and membranous portions. The cross section of its canal appears like a transverse 
slit. The canal of the urethra in the glans has, on the contrary, when seen in a 
cross section, the form of a vertical slit ; in this part, which is from one-third to 
half an inch in length, the canal is again dilated, forming what is named the 
fossa navicularis. 

Lastly, at its orifice, which is a vertical fissure from one-fifth to one-fourth of an 
inch (5 to 6 mm.) in extent, and bounded by two small lips, the urethra is again 
contracted and reaches its narrowest dimensions. From the resistant nature of the 
tissues at its margin, this opening does not admit so large a sound or catheter as 
even the membranous portion of the canal. 

The mucous membrane of the urethra possesses a lining of epithelium, of 
which the superficial cells are long and columnar, except for a short distance (5 to 
8 mm.) from the orifice, where they are squamous, and where the subjacent 
membrane is beset with papillas. The epithelium rests on a basement membrane. 
Outside the mucous membrane, there is a layer of convoluted vascular structure^ and 
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external to that a layer of circular plain muscular fibres separating it from the 
proper substance of the spongy body. 

The whole lining membrane of the urethra, except near the orifice, is beset with 
small racemose mucous glands and follicleSi commonly named the glands of 
Littre^ the ducts of which pass obliquely forwards through the membrane. They 
vary much in size and in the extent to which their cavities are ramified and 
sacculated, some being quite simple. Besides these there are larger recesses or 
lacumB, opening by oblique orifices turned forwards, or down the canal. These are 
most abundant along the floor of the urethra, especially in its bulbous part. One 
large and conspicuous recess, situated on the upper surface of the fossa navicularis, 
is named the lacuna magna. A median fold of the membrane rising from the inferior 
surface of this part of the urethra has been named the valve of the fossa navicularis. 

Stratified concrements like those met with in the prostate (see below) are also found in old 
snbjects in the glandular recesses of the urethra (Robin and Cadiat). 

Cowper's glands. — In the bulbous portion of the urethra, near its anteiior end, 
are the two openings of the ducts of Cou)per's glands. These small glandular 
bodies (fig. 261, c) are seated above the bulb, behind the membranous portion of 
the urethra, between the two layers of the triangular ligament, the inferior layer 
supporting them against the urethra. The arteries of the bulb pass above, and the 
transverse fibres of the compressor urethras beneath these glands. They form two 
small firm rounded masses, about the size of peas, and of a deep yellow colour. 
They are compound racemose glands, composed of several small lobules held 
together by a firm investment. This latter, as well as the walls of the ducts, 
contains muscular tissue. The epithelium of the acini consists of clear columnar 
cells, with a reticular protoplasm, staining like the cells of mucous glands. The 
ducts are lined with cubical epithelium. The ducts unite outside each gland to 
form a single excretory duct (fig. 261, c d). These ducts run forward near each 
other for about an inch or an inch-and-a-half, first in the spongy substance and 
then beneath the mucous membrane, and terminate in the floor of the bulbous 
part of the urethra by two minute orifices opening obliquely. The glands seerete 
a viscid fluid, the use of which is not known ; they appear to diminish in old age ; 
sometimes there is only one present, and it is said both may be absent. 

Occasionally there is a third glandular body in front of and between Cowper*s glands ; 
this has been named the antrriar prostate or ante-protttatic gland. 

The muscles in connection with the urethra and penis hare been already described with 
the muscles of the perinseum in Vol. II., Part 2. 

PB08TATB QIiAMD. 

The prostate gland (figs. 262, 263, 264) is an organ connected with both the 
urinary and male genital ducts, but it primarily belongs to the latter, being one 
of the accessory male organs of generation. It atrophies in the adult after the 
testicles are excised, and when these organs are removed in infancy it remains un- 
developed. In animals it enlarges, like the testicles, during the breeding season. 

It is a firm, glandular, and muscular body, comparable in size and shape to a 
chestnut, situated in the pelvis, and traversed by the first part of the urethra and 
by the common ejaculatory ducts. It has a base, an apex, an anterior, a posterior 
and two lateral surfaces. The hose is situated immediately below the neck of the 
bladder, while the apex is above the superior layer of the triangular ligament. Its 
posterior surface, which is flat and larger than the anterior, lies against the setiond 
part of the rectum so that it can readily be felt by passing the finger into that 
organ. The anterior surface is convex and is placed about half-an-inch behind the 
lower part of the pubic symphysis from which it is separated by some fat, a plexus 



248 



MALE REPRODUCTIVE ORGANS. 



of veins and the pubo-prostatic ligaments. The lateral surfaces are convex and 
prominent, and are covered by the anterior portions of the levatores ani muscles, 
which pass backwards on each side from the pubis and the superior layer of the 
triangular ligament and embrace the sides of the prostate, but are separated from 
the gland by a plexus of veins. The urethra passes through the prostate from its 
base to its apex in the median plane and rather nearer the anterior than the posterior 
surface, being generally about a quarter of an inch (6mm.) from the former and 




Pig. 263. — HOBUOKTAL 8KCTI0N OF XALK PKLVI8 PA88IMO THKOUOH THK PROSTATE OLAMD AT ITS 
JUMOtlOH WITH THK BLADDKR. ThK BKOTDX WAS DI8TEKDKD WITH FACES. (J. S.). | 

P. 8., ]iabic symphysis ; o. i, obturator intemus muscle ; L. a., levator ani muscle ; p. v., prostatic 
plexus of veins ; f, retro-pubic pad of fat ; u, upper part of prostatic urethra ; r, anterior wall of rectum ; 
V. D., vas deferens ; s. v., seminal vesicle. 

nearly half an inch (12mm.) from the latter. The prostate is also pierced by the 
two common ejaculatory ducts which enter at a median depression situated at 
the upper part of the posterior surface and, passing downwards and forwards in 

Fig. 264. — Traksyebss section of the prostate gland through 
THE MIDDLE. (Alien Thomson.) 

it, the urethra into which the eminence of the caput gallinaginis 
rises from below ; s, the utricle cut through ; d e, the ejaculatory 
ducts ; m, superiorly, the deep sphincter muscular fibres ; m, lower 
down, intersecting muscular bands in the lateral lobes of tbe 
prostate ; p, glandular substance. 



close contact with one another, open on the posterior 
wall of the prostatic portion of the urethra. In a 
median section (fig. 262) the prostate is therefore seen to be divisible into three 
parts, one in front and two behind the urethra. Of the two posterior portions, 
one lies above and in front, and the other below and behind, the channel for the 
ejaculatory ducts. 

The prr state is usually described as consisting of three lobes, two lateral and one 
median. The lateral lobes form the great mass of the gland and are united with one 
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another in front of the urethra, and also behind the urethra below the ejaculatory 
ducts. The middle lobe lies behind the upper portion of the urethra, below the apical 
portion of the trigone of the bladder and above the common ejaculatory ducts. At 
the sides it passes without any line of demarcation into the lateral lobes. This 
part of the prostate is of considerable surgical interest since, when enlarged, it 
may seriously interfere with micturition. Its title to be regarded as a distinct 
*' lobe '' is dispated. Sometimes it projects backwards, as a rounded prominence, 
between the bladder and the vasa deferentia, but, according to H. Thompson, this only 
occurs when it is pathologically enlarged. According to J. Griffiths it contains, in 
some subjects, glandular tissue, the ducts of the glands being distinguishable from 
those of the lateral lobes by opening on the posterior surface of the upper part of 
the prostatic urethra in and near the middle line. In other cases neither glandular 
tissue nor ducts are present in this position. The prostatic part of the urethra 
receives not only the openings of the seminal and prostatic ducts, but also, as has 
already been more particularly described, that of a small blind recess, called the 
sinus pocularis or prostatic utricle^ which passes backwards in close relation with the 
ejaculatory ducts. 

8ise and Weight.— The longest diameter of the prostate is the transverse 
which measures near the base of the organ about one and a half inches (30 mm.)» its 
vertical extent is about one and a quarter inches (30 mm.), and its antero-posterior 
nearly three-quarters of an inch (18 mm.) These diameters, however, are liable to 
alteration according to the condition of the bladder and rectum. Thus distension 
of the bladder tends to diminish its vertical extent, while a dilatation of the lower 
part of the rectum will compress the organ from before backwards, and increase its 
vertical and transverse diameters. Its average weight may be estimated, according 
to H. Thompson, at about four and a half to four and three-quarter drachms 
(20'5 grammes, Bischoff). 

Structure. — The prostate gland is covered externally by a dense fibrous coat« 
which is continuous with the recto-vesical fascia, and with the superior layer of the 

Fig. 265.— Skotion or somk or thk olamd-tubes 
OF THE PROSTATE. (Heitzmatiii). 

Mt mascular tissue ; E^ epitheliam ; (7, concretions. 

triangular ligament. This fibrous cap- 
sule, which includes much plain muscular 
tissue, is divisible into two layers, be- 
tween which the prostatic plexus of 
veins is enclosed (Adams). From the. 
capsule trabeculae extend through the 
gland towards the coUiculus seminalis. 
The glandular substance is associated 
with a large quantity of plain muscular 
tissue, which forms the principal part of 
the stroma of the organ. This muscular 
tissue forms an external layer below the 
fibrous capsule, and extends everywhere 
through the glandular substance : there 
is also a strong layer of circular fibi-es 
continuous posteriorly with those of the 
bladder, and in front with the thin layer surrounding the membranous part of the 
urethra. The part of the prostate in front of the urethra is almost entirely 
muscular ; in the hinder part the muscular substance is in greatest quantity near 
the bladder. 
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The glandular substance is spongy and yielding ; its colour is reddish grey, or 
sometimes of a brownish hue. It consists of numerous tubular alveoli, which unite 
into a smaller number of excretory ducts. The epithelium is shortly columnar or 
vertical throughout, and there is a second layer of small cells next to the basement 
membrane. In the upper part of the gland the acini are smaller and more saccular ; 
in the middle and lower parts the tubes are longer and convoluted at their ends. 
The capillary bloodvessels form a close network, as in other similar glands, on the 
ducts and acini, and the different portions of the gland are united by areolar tissue, 
and supported by processes of the deep layer of the fibrous capsule and by the 
muscular stroma. The ducts open by from twelve to twenty or more orifices upon 
the floor of the urethra, chiefly in the hollow on each side of the coUiculus seminalis. 

Vesaelfl and Nerves. — ^Arteries. — The prostate is supplied by branches of 
the vesical, hcrrnorrhoidaly and j»e«/i(C arteries. Its Teins form a plexus imbedded 
in the fibrous covering round the sides and front of the gland, which is highly 
developed in old subjects. The veins communicate in front with the dorsal vein 
of the peniSy and behind with branches of the internal iliac vein, Lyn&pliatieB 
ramify with the veins, between the two layers of the fibrous capsule. The nerves, 
which are derived from the hypogastric plexus, consist of both medullated and non- 
meduUated fibres, and are interspersed with ganglion cells. Pacinian bodies have 
also been observed on the superficial nerves. 

Secretion. — Examined after death, the prostatic fluid has a milkj aspect, due to the 
admixture of a large number of epithelial cells, but probably, durinjr life, it is more trans- 
parent. It is not a mucous secretion but, according to Adams, the fluid has an acid reaction, 
and presents, under the microscope, numerous granules, epithelial cells and nuclei. Some of 
the granules are composed of lecithin (Fdrbringer, Jena. Sitzungsb., 1881). 

FeouUarities according to age. — The prostate is very small at birth and it remains 
comparatively so until puberty, when in common with the other generative organs it under- 
goes a considerable increase in size. Thus, according to Gross, it weighs at birth 13 grains, 
at the 4th year 28 grains, at the 12th 43 grains, at the 14th 58 grains, and at the 2ath 
260 grains (17 grammes). 

^Hie glandular tissue of the prostate is developed by epithelial outgrowths from the 
posterior wall of the urethra at the sides of the orifices of the primitive genital ducts, both 
MUllerian and Wolffian (Griffiths). These gland tubules grow outwards to form the lateral 
lobes of the prostate, and by their extension forwards and inwards, may meet in the median 
plane in front of the urethra. The amount of gland tissue in front of the urethra is very 
small in the chUd. and in some cases it is not developed in this situation at any period of 
life. Griffiths considers that the median lobe, when present, is not formed by a fusion of the 
lateral lobes behind the urethra, but arises independently by median outgrowths from the 
upper part of the posterior wall of the urethra. The prostate exhibits a marked tendency to 
underpTo enlargement in old age, and its tubules frequently contain snudl laminated bcdiea 
which gradually become calcified (fig. 265, r.). 
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REPRODUCTIVE ORGANS IN THE FEMALE. 

The genital organs in the female consist of a pair of glands called the ovaries, 
and of certain passages leading from the peritoneal cavity to the exterior. These 
passages may be divided into a pair of lateral ducts, the Fallopian tubes, and a single 




Fig. 266.— Diagram of fbmalb genital passages. Modified from Henle. (J. S.) 

o., ovary ; p"., parovarium ; p.t., Fallopian tube ; p'., pavilion at fimbriated end of Fallopian tube : 
A., ampulla of Fallopian tubo ; i., isthmus of Fallopian tube ; p., fundus of uterus ; b., cavity of bo<ly of 
uterus; i.e., os uteri internum ; c, cavity of cervix ^of uterus ; B.O., os uteri externum ; va., vagina ; 
H., hymen ; u., orifice of urethra ; v., vestibule ; k.,* labium minus ; l.m.. labium majus ; p., pudendal 
or vulval cleft. The passage from u. to p. constitutes the uro-genital space. 

median passage, which consists of three main portions named from above downwards 
the uterus, vagina, and uro-genital space, or vulval cleft. Fig. 266 shows diagram- 
matically the general relations of these parts. The structures which bound the 
uro-genital space constitute the external genitah, while those above the hymen are 
the internal genitals. 

THB SXTSBMAIi QSMITAIia 

The ▼nlva, or pudendum, is a general term for the external genitals 
(fig. 268). it includes the mans Veneris, the labia majora and minora, the clitoris, 
and the hymen. The urethra may also be described in connection with these parts. 

The mens Veneris is an eminence formed by a mass of areolar and adipose 
tissue covered by skin provided with numerous hairs. It is situated in front of the 
upper part of the pnbic symphysis. 

The labia majora are two rounded folds of skin extending downwards and 
backwards from the mons to within about an inch of the anus. Each labium 
has an outer convex surface, resembling ordinary skin, covered with hairs, and an 
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inner smooth surface of a pinkish colour, which lies against the opposite labium. 
Within the substance of the fold there is found, besides fat, vessels, nerves, and 
glands, a tissue resembling that of the dartos in the scrotum of the male, to which 
the labia majora correspond. The labia majora, by their contact, generally conceal 
the other parts of the external genitals ; not unfrequently, however, in old persons 




Fig. 267. — ViKW OF THE FIMALE ORGAlfS OP GKNSRATION FROM BKHINI>, THR VAGINA BEING CUT OPBR 
AND ITS WALLS TURNED ASIDE. (Sappey.) i. 

1, ovaries ; 2, Fallopian tabes ; 3, 4, 5, their fimbriated extremities (4 points to the ostium abdomi- 
nale) ; 6, ovarian fimbria; 7, ligament of the ovary; 8, 9, broad ligaments; 10, uterus; 11, its 
vaginal portion ; 12, os uteri ; 13, lateral and posterior walls of vagina reflected ; 14, its anterior wall ; 
15, edge of hymen ; 16, orifice of urethra ; 17, vestibule ; 18, nymphae ; 19, clitoris ; 20, labia majora. 

the labia minora project forwards between the labia majora so as to be visible 
externally. 

The labia minora, or nymphsD, are two narrow pendulous folds of skin, one 
on the inner surface of each labium majus. From their attached borders they 
extend downwards, having their outer surfaces in contact with the labia majora, and 
their inner surfeces against one another. Anteriorly each labium divides into two 
branches, the upper of which joins the prepuce of the clitoris, and the other its 
glans. Posteriorly the labium minus may end by gradually blending with the inner 
surface of the labium majus, but in some cases it can be traced backwards until it 
becomes continuous with a transverse fold of skin situated at the anterior edge of 
the perineum, and known as the fourcheiie. The nymphae and fourohette resemble 
one another and differ from the labia majora in being devoid of fat. In young 
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subjects the labia minora are of a rosy-red colour, and look like a mucous membrane, 
but as age advances they become darker in colour and more like skin. 

The clitoris, the homologue of the penis, is an erectile organ composed of two 
corpora cavernosa and a rudimentary glans. It differs from the penis in being 
much smaller, and in not being traversed by a urethra. The corpora cavernosa are 
separated behind where they constitute the crura of the clitoris, but they unite in 
front to form its body. Each crus is firmly attached to tho inner aspect of the 
pubic arch superficial to the triangular ligament, and is covered by the ischio- 
cavernosus or erector clitoridis muscle. In the body of the clitoris the two corpora 

Fig. 268. — View of external qenitals of 

ADULT FEMALE, WITH THIOHS ABDUOTED, 
AND LABIA MAJORA AND MINORA SEPARATED. 

(J. S.) 
1, labium majus ; 2, labium minus ; 3, pre- 
putinm clitoridis ; 4, vestibule ; 5, hymen ; 6, 
f ourchette ; 7, Taginal orifice ; 8, base of perineal 
lK>dy ; 9, opening of duct of gland of Bartholin ; 
A., anus. Dotted line to show position of outlet 
of ligamentous pelvis ; o.s., great sacro-sciatic 
ligament ; P.A., pubic arch ; o., coccyx. 
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cavernosa are closely united by their 
fiattened inner surfaces, the fibrous 
septum between them (septum pec- 
tiniforme) beins: incomplete. The 
body is fixed by a smaU suspensory 
ligament to the ft'ont of the symphysis 
pubis, from which point it extends 
downwards and backwards for about an 
inch and a half. Its extremity is sur- 
mounted by a small glans composed of 
spongy erectile tissue. The glans is 
imperforate, highly sensitive, and sur- 
rounded superiorly by a membranous 
fold, like the prepuce of the penis, while 
below it gives attachment to a small 
fnenum. The prepuce and fraenum 
are continuous with the labia minora. 

Erectile tissue. — ^All the parts of 
the vulva are abundantly supplied with 
blood-vessels, and in certain situations 
there are masses composed of venous 
plexuses or erectile tissue, corresponding 
to those found in the male. Besides the corpora cavernosa and glans clitoridis 
just referred to, there are two oval masses of erectile tissue, the hulU vesiibuli (figs. 
269 and 270, a). Each bulb is about an inch long, and lies in the side wall of the 
uro-genital space a little above the nymphas and superficial to the triangular liga- 
ment. The bulbs are rather pointed at their upper extremities and rounded below ; 
their inner aspects are partially covered by mucous membrane, while on the outer 
side they are embraced by the fibres of the bulbo-cavemosus muscle. Together 
they are equivalent to the bulb of the urethra iti the male, which, it will be remem- 
bered, shows traces of a median division. In front of the bipartite bulb of the 
vestibule is a smaller plexus on each side, the vessels of which are directly continuous 
with those of the bulbi vestibuli behind, and of the glans clitoridis in front. This 
is the pars intermedia of Kobelt, and is regarded by him as corresponding with the 




256 



FEMALE REPRODUCTIVE ORGANS. 



part of the male corpus spongiosum urethraa which lies between the bulb and the 
glans. It receives Inrge veins coming direct from the nymphae. 

The uro-genital space, or Tulval deft, is a median fissare, which opens below 
on to the surface between the two labia majora, and receives at its upper part the 
orifices of the urethra and vagina. A portion of this space bounded in front by the glans 
chtoridis, behind by a transverse line at the level of the urethra, and at the sides by the 
labia minora, is called the vestibuU. At the posterior part of the space there is a recess 
between the fourchette and the hymen, called the fossa navkuUris, The more 
superficial part of the space bounded by the labia majora and minora, is lined by 




Pig. 269.— LiTBRAL VIEW OP THE BRSGTILB 8TRU0TDRBS OP THE EXTERNAL ORGANS IV THE PRMALE. 

(From Kobelt) |. 

The blood-vessels have been injected, and the skin and mucous membrane hare been removed ; 
a, balbus vestihuli ; e, plexus of veins named pars intermedia ; e, glans clitoridis ; /, body of the 
clitoris ; h^ dorsal vein ; ly right eras clitoridis ; m, vestibale ; n, right gland of Hartholin. 

Fig. 270. — Front yibw of the xrrotile structures op the bxteunal organs in tub female. 

(FromKobelt) g. 

a, bulbus vestibuli ; 6, sphincter vaginas muscle ; «, f , venous plexus or pars intermedia ; /, glans 
clitoridis ; //, connecting veins ; A, dorsal vein of the clitoris ; X:, veins pas:sing beneath tho pabes ; 
/, the obturator vein. 

skin, and the deeper part by mucous membrane, which is continuous with the 
mucous membrane of the urethra and vagina. According to Berry Hart, the line 
separating skin from mucous membrane runs from just below the prepuce of the 
cli4;oris backwards on each side along the base of the inner aspect of the labium minus 
to the outer aspect of the base of the hymen. The mucous membrane is smooth, 
reddish in colour, is covered by a scaly epithelium, and is provided with a consider- 
able number of mucous crypts or follicles, and with glands which secrete an unctuous 
and odorous substance. Sebaceous glands are found beneath the prepuce and 
upon the labia majora and minora. Fine, downy hairs can be seen on the inner 
aspect of the labia majora, but none on the labia minora. 

The glands of Bartholin, or of Duvemey (fig. 2G9, /0» corresponding to Cowper's 
glands in the male, are two reddish-yellow, round or oval bodies, measuring about 
half an inch in the longest diameter, lodged one on each side of the commencement 
of the vagina and beneath the inferior layer of the triangular ligament. Their 
ducts, which are long and simple, open one on each side a little in front of the fossa 
navicularis, by the side of the vaginal orifice, in the groove between the attached 
border of the hymen and the labium minus (Cullingworth). As a rule, the orifices 
of these ducts are too small to be distinctly recognized with the naked eye. 
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Blood-Teasels.— Arteriefl.~The outermost parts of the vulva are supplied by 
the superficial ptidic and perineal arteries ; the deeper parts and all the erectile tissues 
receive branches from the internal pudic arteries as in the male. The ▼eins also in a 
great measure correspond ; there is a dorsal vein of the clitoris receiving branches 
from the glans and other parts as in the male ; the veins of the hulbus vestibuli pass 
backwards into the vaginal plexuses, and are connected also with the obturator 




Fig. 271. — TUANSVEKSE SKOTION PASSING FROM ABOVK DOWNWARDS AND SLIGHTLY BACKVrAUDS THROUaR 
THE ANTERIOR PART OF THE PELVIS OF A WOMAN AOED 54 TEARS : SEEN FROM THE FRONT. (J. S.) \ 

B. Bladder, cut across about half-an-inch in front of urethral orifice, i ; E, external urinarj meatus, 
formed a vertical slit on a slight prominence ; a, opening of left ureter ; v.c, vulval cleft ; u, anterior 
wall of urethra ; v. b., vestibular bulb ; c, crus clitoridis ; B.C., bulbo-cavemosus muscle; i.e., ischio« 
cavernosus muscle; l.m., labium majus ; l. mi., labium minus; p. a., pubic arch; o.i., obturator 
internus muscle ; x., on triangular ligament ; p., pelvic fascia. 



veins : above they communicate with the veins of the pars intermedia, those of the 
corpora cavernosa and the glans of the clitoris, and also with the vena dorsalis. The 
lymphatics accompany the blood-vessels. 

Nerves. — Besides sympathetic branches ^ which descend along the arteries, 
especially for the erectile tissues, there are other nerves proceeding from the lumbar 
and sacral plexuses ; those from the former being branches of the genito-crural, and 
those from the latter of the inferior pudendal and internal pudic nerves, which last 
sends comparatively large branches to the clitoris. They terminate in the clitoris in 
peculiar tactile corpuscles (seo Vol. I., Part 2, p. 388). 

VOL. III., PT. 4. 8 
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THX FXMAZJB UBZTHRA.. 

The female urethra is short as compared with that of the male sex, and corre- 
sponds to the part of the male urethra which extends from the bladder to the open- 
ings of the ejaculatory ducts. It is about an inch and a half in length, and is 
directed from above downwards and forwards anterior to and parallel with the 
vagina, with which its posterior wall is intimately blended. It is closed, except 
during micturition, by the apposition of the anterior and posterior walls. The 
transverse diameter of the closed tube is about a qujirter of an inch, but the tube is 
capable of great distension, so that the index finger can be passed through it without 
causing any permanent incontinence (Berry Hart). The external orifice or meatus 
urinarius appears as a vertical slit with slightly prominent edges (see fig. 268, e), 
situated about an inch behind the glans clitoridis, immediately in front of the 
entrance to the vagina and below the lower edge of the pubic symphysis. The upper 
opening of the urethra is at the neck of the bladder. 

Structure of the urethral wall. — The mucous membrane is whitish, except 
near the orifice ; it is raised into longitudinal folds, which are not entirely obliterated 
by distension, especially one which is particularly marked on the lower or posterior 
surface of the urethra. Near the bladder the membrane is soft and pulpy, with 
many tubular mucous glands. Lower down these increase in size and lie in groups 
between the longitudinal folds ; and immediately within and around the orifice, the 
lips of which are elevated, are several larger and wider crypts. 

The lining membrane is covered with a stratified scaly epithelium, but near the 
bladder it becomes transitional. The submucous areolar tissue contains numerous 
elastic fibres. Outside this there is a highly vascular structure, in which are many 
large veins. Between layers of the triangular ligament, the female urethra is 
embraced by the fibres of the compressor urethrsB muscle. 

The Tessels and nerves of the female urethra are very numerous, and are 
derived from the same sources as those of the vagina. 

THB HTMXN. 

The hymen is a thin fold of mucous membrane, which is situated at the vulvo- 
vaginal orifice, and narrows this opening so that it will usually only admit the little 
finger. It is generally described as forming an annular fold, which is much broader 
behind than in iront ; but the fold is compressed from side to side, and has its free 
edge directed downwards so that the opening is a vertical slit bounded by lateral 
lips, the inner surfaces of which are in close apposition (Cullingworth). In rare 
cases the hymen forms a complete partition between the vagina and vulva, giving 
rise to the condition known as " imperforate hymen." It has been described as 
occasionally cribriform, and even in some cases as entirely absent. The smaD 
rounded elevations called caruncuUe myrtiformes, found in women who have borne 
children, are probably the remains of the hymen. The vaginal surface of the 
hymen shows a few folds continuous with the rugse of the vagina. This fact is 
considered by Budin to favour his view that the hymen is vaginal in its origin. 
Others hold that it is of vulval origin, as in various cases of absence of the vagina 
the hymen has been found well developed. 

THE VAQIMA. 

The vagina is a dilatable membranous and muscular passage, extending from the 
vulva to the uterus, the neck of which is embraced by it. It passes with a slight 
curve from above downwards and forwards, usually nearly parallel with the plane of 
the pelvic inlet, but tending to become more horizontal with a distended bladder, 
and more vertical when the lower part of the rectum is loaded. The ends of the 
vagina are somewhat narrower than the middle part ; the lower end, which is the 
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narrowest, is H -shaped on transverse section, the middle part is flattened from before 
backwards, so that its anterior and posterior walls are ordinarily in contact with 
each other (see fig. 272). At its upper end it is rounded, and expands to receive the 
vaginal part of the neck of the uterus. The vagina reaches higher up on the cervix 
uteri behind than in front, so that the uterus appears to be inserted into its anterior 
wall. The anterior wall of the vagina is about 2^ inches (6 centimeters) in 
length, and the posterior 3J inches (8*5 centimeters). In front the vagina is in 
relation with the bladder and urethra, its anterior wall being connected by loose 
areolar tissue with the bladder, but intimately blended with the urethra. The 

Pig. 272. — CokoNAL section op pel- 
vis OP PEMALE AOBD 54 PASSIVO 
THROUOH BLADDER, VAGINA, 
AND PERINEAL BODY. (J. S. ) 

B., brim of true pelvis ; it., ischial 
toberosity ; o. t. . obturator intemus ; 
O.P., obturator fascia; l.a., levator 
ani ; p.b., perineal body; A.W., 
anterior vaginal wall ; bl., trigone 
of bladder. The transverse black 
line below a.w. represents the cavity 
of the vagina. 

posterior vaginal wall is 
usually covered in about its 
upper fourth by the perito- 
neum, and below this is 
loosely attached to the ante- 
rior wall of the rectum. Ac 
the sides it is enclosed be- 
tween the levatores ani 
muscles (fig 272). 

Structure. — The walls 
of the vagina are composed 

from within outwards of a mucous membrane, a muscular and a fibrous coat. They 
are thickest in front, in thfi vicinity of the urethra, which indeed may be said to be 
imbedded in the anterior wall of the vaginal passage ; in other situations they are 
thinner. The vagina is firmly connected by areolar tissue to the neck of the bladder, 
and only loosely to the rectum and levatores ani muscles ; at the upper end as just 
stated, for about a fourth part of its length, its posterior surface receives a covering 
from the peritoneum, which descends in the form of a cul-de-sac thus far between 
the vagina and the rectum. 

Externally the vagina is covered by a coat of dense areolar tissue, and beneath 
this its walls are composed of unstriped muscle, which is not distinctly separable 
into strata, but is composed chiefly of fibres internally circular and externally longi- 
tudinal. Round the tube a layer of loose erectile tissue is found, which is most 
marked towards the vulva. 

At its lower end, the vagina is embraced by striated muscular fibres, which con- 
stitute the aphinctPT vaginmy already described. 

On the inn/T surface of the vagina, anteriorly and posteriorly, a slightly elevated 
ridge extends from the lower end upwards in the middle line, forming the columns 
of the vagina, or cvlumme rugarum. Numerous dentated transverse ridges, called 
rvgcB, are also observed, particularly in persons who have not bTne children, 
running at right angles from the columns. These columns and rugae are most 
evident near the entrance of the vagina and on the anterior surface, and gradually 
become less marked, and disappear towards its upper end. 

8 2 




SJ6n FEMALE HEPRODaCTIVE ORGANS. 

The mncous membrane, besides the colamns and rugae, is provided with 
microscopic papillss, and is lined with a stratified scaly epithelium. Mucous glands 
are stated by Veith to be usually absent altogether, but one or two may occasionally 
be met with. 

Vessels and nerves. — The vagina is largely supplied with vessels and nerves. 
The arteries are derived from branches of the internal iliac, viz. the vaginal^ internal 
pudic, vesical^ and uferme. The veins correspond ; but they first surround the 
vagina with numerous branches, and form at each side a plexus named the vaginal 
plexus. The nerves are derived from the hypogastric plexus of the sympathetic, 
and from the fourth sacral ^ni pudic nerves of the spinal system ; the former are 
traceable to the erectile tissue. 

THX UTSBUa 

The uterus or womb (matrix, vtmpor), is a hollow muscular organ with very 
thick walls situated in the pelvic cavity between the rectum and the urinary 
"bladder. The Fallopian tubes, extending from each upper angle of the uterus to 
their ovarian opening, conduct the ovum from the ovary to the uterine cavity. In 
the case of pregnancy the uterus receives the ovum, retains and supports it during 
the development of the foetus, and expels it at the time of partmition. During 
gestation the uterus undergoes a great enlargement in size and capacity, as well as 
important structural changes. 

In the fully developed virgin condition, which is that to which the following 
description mainly applies, the uterus is a somewhat pear-shaped body flattened 
from before backwards, free above, and connected below with the vagina into which 
its lower extremity projects. Its average dimensions are three inches (7*5 centimeters) 
in length, two inches (5 centimeters) in breadth at its upper and wider part, and 
nearly an inch (2'5 centimeters) in thickness ; it weighs from 7 to 12 drachms 
(83 to 41 grammes). It is usually described as possessing a ftindus, body, and neck. 
The ftindus is the broad convex upper end of the body, which projects upwards 
from between the points of attachment of the Fallopian tubes (fig. 274). The 
body gradually narrows as it extends from the fundus to the neck ; its sides are 
nearly straight ; its anterior and posterior surfaces are both somewhat convex, but 
the latter more so than the former. At the points of union of the sides with the 
rounded superior border are two projecting angles with which the Fallopian tubes 
are connected, the round ligaments being attached a little before, and the ovarian 
igaments behind and beneath them : these three parts are all included within the 
peritoneal duplicature of the broad ligaments (fig. 274). The neck or cervix uteris 
narrower and more rounded than the rest of the organ, is about an inch in length ; 
it is continuous above with the body, and becoming somewhat smaller towai^ds its 
lower extremity projects into the anterior part of the upper end of the tube of the 
vagina, which is united all round with the substance of the uterus, but extends 
upwards to a greater distance behind than in front. The cervix may be divided 
into three parts, upper, middle, and lower, according to their relation to the vagina. 
The upper and middle parts lie respectively above and opposite the attachments of 
the vaginal walls, while the lower portion projects free towards the cavity of the 
vagina being entirely below the line of union of the uterine and vaginal walls. The 
lower end of this, the vaginal part of the cervix, has a transverse aperture by which 
its cavity opens into the vagina (figs. 273, 274) ; this is variously named os uteri, os 
uteri externum, and (from a supposed resemblance to the mouth of the tench fish ) 
OS tifKCB, It is bounded by two thick lips, the posterior of which is the thinner 
and longer of the two, while the anterior, although projecting less from its vaginal 
attachments, is lower in position, so that when the tube is closed both lips come 
into contact with the posterior wall of the vagina. These borders or lips are smooth 
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Pig. 273. — Median sbctiom or tub pelvis of a female aged about 60 tbabs. (J. S.) ^ 

Ist 8., body of 1st sacral yertebra ; p.s., pubic symphysis ; b., bladder ; u., urethra ; ut., uteruB ; 
E.G., external os uteri ; us., utero-sacral ligaments which are united with one another on posterior aspect 
of uterus; v., vaginu ; a.f., anterior anginal fornix; p.f., posterior vaginal fornix ; h., hymen: 
R., rectum ; a.c, anal canal ; L.Min., labium minus; L.naj., labium majus ; c, clitoiis; m., fat of 
mons Veneris; p., peritoneum ; p.b., perineal body ; a.c.b., ano-coccygcal body. 

This section was made after hardening the body by the injection of a 1 p. c. solution of chromic acid, 
and the distension of the alxlominal vessels with this fluid probably depressed somewhat the pelvic viscera. 
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in the nullipara, but after parturition thej frequently become iiTegular, and are 
sometimes fissured or cleft. 

The peritoneum covers the upper end or fundus of the uterus, and also the 
anterior surface of the body. Anteriorly, at about the union of the body with the 
cervix it is reflected on to the bladder, forming the utero-vesical pouch. The 
anterior aspect of the cervix is thus uncovered by peritoneum, and it is connected 
with the bladder by loose cellular tissue. The posterior surlace of the body and 
upper part of the cervix is covered by peritoneum, and below this level the membrane 
passes on to the posterior wall of the vagina, which thus separates the lower part of 
the back of the cervix from the peritoneum. From the sides of the uterus the 
peritoneum is prolonged outwards in the form of duplicatures named the broad 
ligaments. 

Cavity of the ntems. — The walls of the uterus are of great thickness, and the 
cavity is thus proportionately much reduced in size. The part within the body is 




Fig. 274. — Diagrammatic view op the uterus and its appendages, as seem prom behind. (A. T.) f. 

The uterus and upper part of the vagina have been laid open by removing the posterior wall ; on the 
left side the Fallopian tube, round ligament, and ovarian ligament have lieen cut short, and the broad 
ligament removed ; w, the fundus of the uterus ; c, the cervix opposite the os internum ; the triangular 
shape of the uterine cavity is shown, and the dilatation of the cervical cavity with the rugae termed 
arbor vitae ; v, upper part of the vagina ; od, Fallopian tube or oviduct ; l^ round ligament ; lo, 
ligament of the ovary ; o, ovary (here represented with its long axis horizontal although in the natural 
position within the body it is oblique or nearly vertical) ; t, wide outer part of the right Fallopian tube ; 
/i, its fimbriated extremity ;.po, parovarium ; h, one of the hydatids frequently found connected with 
the broad ligament. 

triangular (fig. 274), and flattened from before backwards, so that its anterior and 
posterior walls touch each other (fig. 273). The base of the triangle is directed 
upwards, and is convex towards the interior of the uterus. The cavity, narrowing 
gradually, is prolonged into its two superior angles, at each of which it leads by a 
minute foramen into the narrow canal of the Fallopian tube. At the junction of 
the body and the neck, the cavity is slightly constricted, and thus forms what is 
sometimes named the internal orifice (os uteri internum^ isthmus vel ostium uteri) ; 
this opening is often smaller than the os externum, and is of a circular form. That 
portion of the cavity which is within the neck is tubular and slightly flattened 
before and behind ; it is somewhat dilated in the middle, and opens inferiorly into 
the vagina by the os uteri externum. Its inner surface is marked by two longitu- 
dinal ridges or columns, which run, one on the anterior, the other on the posterior 
wall, and from both of which rugae are directed obliquely upwards on each side, so 
as to present an appearance which has been named arbor vifce tderina, or palma 
plicatce (fij?. 274) : this structure is most strongly marked anteriorly. 

Position of the nterns. — The question as to the normal position of the 
uterus is one that has given rise to much controversy, and regarding which very 
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contradictory statements have been made. The uterus does not occupy any definite 
fixed position, but possesses a considerable range of mobility, the chief factora that 
influence its position being the intra-abdominal pressure, and the condition of the 
bladder and rectum. In the nullipara, with the bladder empty, the whole uterus is 
inclined forwards (anteverted), and the body is also bent upon the cervix (anteflexed), 
the body of the uterus lying upon the bladder. As the bladder becomes tilled the 
body and fundus are pushed upwards and backwards, until, if the bladder be fully 
distended and the rectum empty, the upper part of the uterus may come to lie near 
the sacrum, and the long axis of the organ be directed from above downwards and 
forwards nearly parallel with that of the vagina. As a rule there are no intestines 
in the pouch between the uterus and the bladder, these two oi'gans lying in close 
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Fig. 275. — ViKW OF THK VKMALK PELVIC VI8CEKA FRuif AuovK. (v. Banleleben aD(l Haeckel.) 

Uf uterus ; B^ bladder. 

contact. Occasionally however, especially in women who have borne children, the 
upper part of the uterus points somewhat backwards, and the utero-vesical pouch is 
occupied by some portion of the intestine. The uterus generally deviates to one or 
other side, this lateral displacement usually affecting the body more than the cervix. 
Ligaments of the nterus. — The reflection of the peritoneum from the uterus 
to the bladder is called the ufero-resical fold or sometin;ies the anterior ligament of 
the uterus. Posteriorly, as we have already seen, the peritoneum passes from the 
uterus on to the upper part of the vagina before being reflected backwards to the 
rectum, thus forming a recto-vaginal ligament. The peritoneal recess situated in 
front of the rectum, and behind the cervix of the uterus and the upper part of the 
vagina is usually termed the pouch of Dovglas, This pouch is bounded on each side 
by a semilunar fold of the peritoneum, which joins the upper pai't of the cervix 
uteri in front and extends backwards on the side of the rectum towards the sacrum. 
This fold contains a variable amount of fibrous tissue and some non-striped 
muscular fibres forming the itfcrc-sacral ligament. 
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The broad ligaments (fig. 274) ai'e formed on each side by a fold or doable 
layer of the peritoneum, which is directed laterally from the anterior and 
posterior surfaces of the uterus, to be connected with the sides of the pelvic cavity. 
Between the two layers of the serous membrane are placed the Fallopian tube, the 
round ligament of the nterus, the ovary and its ligament, the parovarium, and 
numerous blood-vessels, lymphatics, and nerves with fibres spreading from the 
superficial muscular layer of the uterus. The Fallopian tube is situated at the 
upper border of a special fold of the broad ligament sometimes termed the mexo- 
salpinx. This fold is attached to the main part of the broad ligament close to the 
ovary and its ligament. It is narrow internally, but broadens as it passes outwards. 
The parovarium is enclosed within its two layers between the ovary and the outer 
part of the Fallopian tube. This fold is thin, its serous layers being separated by only 
a small quantity of areolar and muscular tissue. The ovary and its ligament are 
situated in a special extension from the posterior part of the broad ligament. The liffa- 
ment of the ovary is merely a dense fibro-areolar cord, containing some uterine mus- 
cular fibres, and measuring from an inch to an inch-and-a-half in length, which 
extends from the lower end of the ovary to the upper angle of the uterus, which 
it joins immediately below and behind the point of attachment of the Fallopian tube. 

The round ligaments are two flat, cord-like bundles of fibres, about four or 
five inches in length, attached to the upper angles of the uterus, one on either side, 
immediately in front of the Fallopian tube. As each ligament proceeds upwards, 
outwards, and forwards towards the internal abdominal ring it raises the anterior 
layer of the broad ligament into a more or less prominent fold. After having 
passed, like the spermatic cord in the male, through the inguinal caual, it reaches 
the fore part of the pubic symphysis, where its fibres expand and become united with 
the snbstance of the mons Veneris. Besides areolar tissue and vessels, the round 
ligaments contain, chiefly in their inner third, plain muscular fibres, which are 
prolonged into them from the outer muscular layer of the uterine wall. Each 
ligament also receives a covering from the peritoneum, which, in the young subject, 
projects in the form of a tubular process for some distance into the inguinal 
canal ; this, which resembles the processus vaginalis originally existing in the same 
situation in the male, is named the canal of Nuck ; it is generally obliterated in the 
adult, but is sometimes found even in advanced life. 

8TRUGTURS OF THS UTSBUS. 

The walls of the uterus consist of an outer serous covering, an inner mucous 
membrane, and thick intermediate muscular substance. The serous covering or 
peritoneal layer has been already referred to. 

The thick middle part of the wall of the nterus is of firm consistence : being 
mainly composed of plain muscular fibres of small size, 0'23 mm. in length, in the 
nnimpregnated uterus, but greatly enlarged in the gravid state. These fibres 
interlace closely with each other, but are disposed in bundles and layers, and are 
intermixed with areolar tissie, a large number of blood-vessels and lymphatics, and 
some nerves. The areolar tissue is more abundant near the outer surface. The 
arrangement of the muscular fibres is best studied in the uterus at the full period 
of gestation, in which the bundles become augmented in size. They may be 
referred to three sets of which the two more external may be regarded as 
corresponding with the muscular coat of other hollow viscera, whereas the internal 
is an immensely hypertrophied mtiscularis mttcosce, and will accordingly be described 
with the mucous membrane. 

Mnscular coat. — The external layer of the muscular coat forms a thin 
superficial sheet immediately beneath the peritoneum, and incomplete strata situated 
more deeply. A large share of these fibres, beginning as longitudinal bands at the 
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cervix, arch transversely and obliquely over the fundus and adjoining part of the 
body of the organ, and pass on each side into the broad ligament. Of these some 
oonvei'ge at either side towards the commencement of the round ligaments, along 
which they are in part prolonged to the groin ; others pass off to the Fallopian 
tubes, and strong transverse bands from the anterior and posterior surfaces are 
extended into the ovarian ligaments. Other fibres run back from the cervix uteri 
beneath the utero-sacral folds of the peritoneum. The timer layer of the muscular 
coat, which is also thin, is composed of fibres which are found chiefly on the back of 
the uterus, and stretch over the fundus and towards the sides, running somewhat 
irregularly between the ramifications of the blood-vessels. The muscular coat proper 
seldom exceeds 6 mm. in thickness altogether, but it is not easy to assign its limits 
exactly, for there is little or no submucous areolar tissue forming a distinct coat as in 
most of the hollow viscera. But the place of ramification of the blood-vessels before 
they pass into the mucous membrane serves to determine the boundary between the 
muscular layer of the mucous membrane and the muscular coat proper (J. Williams). 

Mncoiis memteane. — The mucous membrane of the uterus is characterized by 
the enormous hypertrophy of the muscular layer proper to it — the muscularis 
mucosae ; indeed it is this which forms the greater part of the thickness of 
the uterine wall. The presence of this mass of plaia muscular tissue in it confers a 
distinct character on the outer part of the membrane, so that in sections it is 
distinctly difierentiated from the inner part or corium. 

Muscnlaris mucosae. — This consists of bands of fibres which are disposed with 
comparative regularity in its upper part, being arranged there in numerous 
concentric rings round the openings of the two Fallopian tubes, the widest circles of 
the two series meeting from opposite sides in the middle of the uterus. In the 
lower part of the body, and in the cervix the internal fibres run more transversely. 
They form the so-called sphincters of the os internum and os externum. At the 
neck, however, there are also longitudinal fibres within the transverse. 

Corium. — ^As regards its inner part or corium the mucous membrane lining the 
cavity of the body differs greatly from that of the cervix, a distinct line of 
demarcation separating the two parts at the isthmus. 

The mucou8 membrane of the body of the uterus is smooth, except during the 
menstrual period, and in the unimpregnated state is entirely devoid of ridges ; it is 
of a peculiar soft spongy consistence, and of a dull, reddish colour. 

Under the microscope it appears composed in great measure of small, rounded, 
spindle-shaped, or irregular cells imbedded in a homogeneous ground-substance 
and with but few connective tissue fibres apparent (fig. 270). According to 
Leopold there are, however, numerous fibres, and they form a spongework with 
lymphatic spaces in the meshes. The inner surface is everywhere covered by 
columnar ciliated epithelium, and is beset, but somewhat sparingly, by the orifices 
of the uterine glands (fig. 277). These, which were discovered by Sharpey, are 
simple tubes bounded by a basement membrane and lined with ciliated columnar 
cells like those covering the inner surface. They pass usually obliquely and often 
with an irregular or convoluted course into the deeper part of the mucous membrane, 
and there terminate by blind, sometimes forked extremities, which are situated 
amongst the bundles of the muscularis mucosae. Towards their extremities the 
uterine glands are entirely filled by cells (fig. 277, b'), but in the greater part of their 
extent they have a distinct lumen. 

The mucous membrane of the cervix is much firmer and more fibrous than that of 
the body. Between the rugae of the arbor vitce there are numerous saccular and 
tubular glands. In the lower part of the cervix the mucous membrane is beset with 
vascular papillae, and the epithelium is stratified, but in the upper half or more the 
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epithelium is columnar and ciliated like that of the body. The glands, which are 
short, with a large lumen, are everywhere lined with columnar ciliated epithelium, 
even where the epithelium of the surface is stratified. Besides the follicular glands 
there are almost constantly to be seen the so-called ovula Nabothi, clear yellowish 
vesicles of variable size, but visible to the naked eye, embedded in the membrane. 
These probably arise from closed and distended follicles ; but their exact nature is 
still doubtful. 

During pregnancy the mucous glands of -r^^^^" y^ 

the cervix secrete a considerable quantity 
of tenacious mucus, which effectually closes 
the passage downwards from the uterine 
cavity. 

The surface of the os uteri is covered, 
like the vaginal portion, with stratified 
epithelium, which conceals the vascular 
papillas. It is destitute of glands. 

The arrangement of the muscular fibres 
both of the muscular coat proper and of the 
muBCularis mucosas is more regular and more 
easily made out in the uterus of the lower 





Fig. 276. — Section op the uterine mucous membrane parallel to the surface (Henle). i^. 
1, 2, 3, glands (the epithelium has fallen oat from 2) ; 4, a blood vessel. 

Fig. 277.— Section or the mucous membrane op the human uterus prom near the pundus (adapted 
by J. C. Ewart from a figure from J. Williams). 

a, epithelium of inner suf&ce ; 6, 6, uterine glands ; c, interglandular connective tissue ; d, part of 
the muBCu]ari^ mucosae with the ends of the glands, some of which, b\ are entirely filled by epithelium 
cells. This specimen was prepared from the uterus of a young woman who was accidentally killed three 
or four days before the expected appearance of the menstrual flow, aud the mucous membrane and 
glands are therefore in the hypertrophied condition which precedes menstruation. 

mammals (below Primates), which possess a bi-comed uterus consisting of two long tubular 
portions, which unite below before opening into the vagina. A section across one of the 
horns of such a uterus is represented in fig. 278, from which it will be seen that the fibres of 
the muscularis mucosa (w.w.) run almost entirely in a transverse or circular direction, and 
are imperfectly separated by an areolar layer (a.) containing the larjre bloodvessels of the 
organ from the inner thin layer of circular fibres of the muscular tunic proper (cm,). Outsido 
these are seen the stout bundles of the outer or longitudinal muscular layer {l.vi.)y and most 
externally is the peritoneal or serous coat (.».). 
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Periodic straotnral changes in the nteras. — The chaDges which accompanj 
meDstraation and gestation may be shortly indicated here. 

At each successive recurrence of menstntaiion a complete removal of the super- 
ficial part of the mucous membrane takes place by a process of softening and 
molecular disintegration which commences, along with, the menstrual discharge, 
close to the cervix, or at the os internum, and advances progressively towards the 
fundus during the remaining days of the flow of blood (J. Williams). Previous to 
this change, there is a greatly increased general vascularity of the parts, and the 
mucous membrane becomes very much thicker. The process of disintegration 
reaches as far as the inner fibres of the muscularis mucossB ; and the haemorrhage 
is the direct result of the destruction and open condition of the small vessels. 

The process of restoration of the uterine membrane, which begins even before 
the cessation of the menstrual flow, proceeds in the same order, from the lower end 

Fig. 278. — Traksvkksb vertical section 

or THE WALL OF ONE OF THE CORNUA 
UTERI OF THE RABBIT. (E. A. S.) 

«, serous layer ; I. m. , longitudinal fibres of 
the muscular coat ; cm., circular fibres of 
the same ; a, areolar tissue with large blood- 
yessels ; m. m., muscularis mucosie ; m., 
mucosa, with coiled glands. 

upwards to the fundus, and consists in 
a very rapid proliferation of the cells 
and nuclei which occupy the inter- 
stices of the inner muscular fibres, 
and among which are embedded the 
deepest parts of the uterine glands. 
The whole of the destroyed epithelial 
structure both of the glands and of 
the general surface is renewed from 
the epithelium of these parts of 
the glands. The epithelial regenera- 
tion is very rapid, and the inner sur- 
face is already covered again with 
epithelium very shortly after the 
menstrual flow has ceased, but the 
original thickness of the mucous membrane is not at once attained, the growth in 
thickness progressing gradually up to the time of the next menstruation, and 
with it the gi'owth in length and the intricacy of the uterine glands. The lining 
membrane of the cervix does not participate in the changes referred to. 

In gesiation more extensive alterations ensue. The weight of the organ increases 
from about one ounce to a pound-p.nd-a-half or even three pounds. Its colour 
becomes darker, its tissue less dense and its muscular bundles more evident. A 
very great increase takes place in the muscular tissue, this increase being mainly the 
result of the enlargement of the already existing elements, the cells becoming 
enlarged to the extent of from seven to eleven times in length, and from two to five 
times in breadth (Kolliker). A formation of new cells is also said to occur mainly 
in the innermost layers (but whether by proliferation of pre-existing cells or other- 
wise is not stated), and to continue until the sixth month of pregnancy, when 
it ceases. The round ligaments become enlarged, and their muscular structure more 
marked ; the broad ligaments are encroached upon by the intrusion of the growing 
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ateras between their layers. The mucous membrane and the glands of the body of tho 
uterus at first undergo an enlargement very similar to that which precedes menstraa^ 
tion^ and they subsequently become the seat of peculiar changes, more particularly 
described under Development (Vol. I., Part 1), whilst the membrane of the cervix 
loses its columns and rugax The blood-vessels and lymphatics are greatly enlarged, 
and it is observed that the arteries become exceedingly tortuous as they ramify upon 
the organ. The nerves also undergo considerable increase in size. 

After parturition, the uterus gradually but rapidly diminishes till it nearly regains 
the size and structure of the unimpregnated condition. During this change the 
enlai-ged muscular fibres undergo fatty degeneration and are said to become subse- 
quently absorbed, while a new set of fibre-cells is developed. After the first pregnancy, 




Fig. 279. — OUTLIKBS OF U0ULD8 OF TUB UTKRINB CAVITT IK DIFFBRBNT 8TATKS (after F. Quyon). 

Natural sizb. 

A, in a virgin of 17 yean of age ; B, in a woman of 42 yean* who bad not borne children ; C, in a 
woman of 35 years who had borne children ; b, cavity of the body ; e, that of the cervix ; t, the 
isthmus or os internum ; o, os externum ; tj passage of the upper angle into the Fallopian tube. 

however, the organ never regains its original virginal character. In those who have 
had children its weight usually remains from two to three ounces (102-117 grammes, 
Vierordt) ; its cavity is larger (^g. 279, C) ; the os externum is wider and more 
rounded, and its margins often puckered or fissured ; the arteries remain much 
more tortuous, and its muscular fibres and layers more defined than in the virgin. 

Peouliaxitles according to a^e* — In the newly-bom infant the neck of the uterus is 
larger than the body, and also much firmer. There is no fundus, the upper end of the uterus 
not forming a convex prominence between the attachments of the Fallopian tubes. The 
cavity is narrow, there is no distinct internal os and it tapers above on both sides so as to present 
an approach to the two-homed form prevalent in animals. The arbor vitaa is very distinct 
and reaches to the hi{?heet point of the cavity. At this period the uterus is usually from an 
inch to an inch-and-a-qnarter in length. It grows but slightly from birth until near puberty, 
at which period it undergoes a rapid and marked increase in size. This growth is especially 
marked in the body, which at the same time acquires a firmer consistence, while its mucous 
membrane becomes smooth. The cavity remains comparatively narrow in all women who 
have borne no children (fig. 279, b), while in those who have been pregnant it is widely 
triangular (c). In old age the uterus atrophies : it becomes paler in colour and harder in 
texture, and its external os frequently becomes diminished in size. 

Varieties. — The uterus is subject to numerous congenital defects or malformations 
especially in connection with abnormal conditions of the other genital organs. Amongst 
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thorn involyin^ the nteroB may be mentioned its more or lees complete absence, the occurrence 
of one or two horDS at its upper part, and the presence of two distinct cavities. Such cases 
ard obvionsly dne to an imperfect development of one or both MilUerian ducts or their 
incomplete fusion (see Development, Vol. I., Pt. 1). Occasionally the uterus retains its 
infantile condition a^ter puberty. 

Vessels and nerves. — The arteries of the uterus are four iu number, viz., the 
right and left ovarian (which correspond to the spermatic of the male) and the uterine. 
Their origin, as well as the mode in which they reach the uterus and ovaries, has been 
described in Vol. IL, Pt. 2. They are remarkable for their frequent anastomoses, 
and also for their singularly tortuous course. After passing a short distance into 
the thickness of the uterine wall they divide into branches, which penetrate the 
muscular tissue of the mucous membrane, supplying it with capillaries, and then 
pass towards the inner portion of the membrane and open into a network of large 
capillaries which pervades the tissue in that situation, and is especially developed 
near the surface and around the glands. In the cervix, however, and especially in 
the vaginal portion, the arteries, which in this situation possess walls of considerable 
thickness, after entering the mucous membrane, divide into a number of small 
branches which pass directly towards the surface and open into the capillary 
network there present, from which loops pass into the papillee. The veins 
correspond with the arteries ; they are very large, and form plexuses of sinus-like 
vessels, with thin walls in immediate contact with the uterine tissue. The lymphatics 
commence according to Leopold as clefb-like spaces in the mucous membrane, and 
there are also well-marked lymphatic vessels extending as a plexus through the 
whole thickness of the membrane (Hoggan). These open into plexuses of vessels iu 
the muscularis mucosas and muscular coat proper ; and these again are in communica- 
tion with valved vessels beneath and in the serous covering. 

The nerves are derived from the inferior hypogastric plexuses, the spermatic 
plexuses, and the third and fourth sacral nerves. They consist of both medullated 
and non-medullated Hbres, and in animals small ganglia have been observed in the 
submucous tissue, connected with the non-medullated fibres. 

THE FAIJiOFIAir TUBES. 

The two Fallopian tubes may be considered as ducts of the ovaries (oviducts) 
since they serve to convey the ova from these glands into the uterus. They differ, 
however, from the ducts of all the other glands in the body in being detached from 
the organs whose secretions they convey. They are enclosed in the free margin of 
the broad ligaments in the whole of their extent, except at their inner ends, where 
they pierce the uterine wall. Traced from the uterus, to the superior angles of 
Avhich they are attached, they are found to pass almost horizontally outwards, for a 
distance of from half an inch to an inch, until they reach the side walls of the 
pelvis, against which they ascend, frequently in a tortuous manner, in front of their 
corresponding ovaries and then arch backwards above these glands and internal to 
their suspensory ligaments {fig. 280). Finally they turn downwards so that the 
fimbriae are opposite the inner surfaces and posterior borders of the ovariea Some 
convolutions of the small intestine are often situated above and internal to the 
right Fallopian tube, while the sigmoid loop of the large intestine may have a 
similar relation to the left one. The average length of the tubes is from four to five 
inches (120 mm.), and, as a rule, the right one is a little longer than the left. 

Each tube may be divided into an isthmus, an ampulla, a neck, and a fitnbriated 
extremity. The isthmus corresponds to about the inner third of the tube, it is 
straight, round and cord-like, and has a diameter of 2 mm. to 3 mm. Its lumen 
communicates with the uterine cavity by an orifice which will barely admit a hog's 
bristle. From this opening its cavity enlarges as it passes outwai-ds but only very 
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gradually. The ampulla extends from the isthmus to the neck, and forms rather 
more than one half of the total length of the tube. It diflPers from the isthmus in 
its larger size, in being less firm to the touch and by its tortuous course. This part 
of the tube increases in size from the isthmus to the neck, and its average diameter 
is 6 mm. to 8 mm., while in many cases it will admit, in the gieater part of its 
length, a No. 6 to No. 8 catheter. Ballantyne and Williams found that the orifice 
at the neck of the tube, or ostium abdamtnak, was physiologically closed in tubes 
removed during life, while in specimens obtained from the post mortem room 
it was somewhat gaping. When moderately distended it has a diameter of 




(fvary. 
Ligament ofomu. 



Urachus, 

OltlitenUfd ftj/po- 
gagti-ic artci-y. 



Fig. 280. — Pklvio organs or the vrmale, viewed prom above. 

Uf uterus ; B^ bladder. 



(v. Hardelebcn & Haeckel. ) 



3 or 4 mm. The ovarian end of the tube expands in a trumpet -shaped manner 
from the neck to enclose a space called the infundibulum or patnlion, and is 
then prolonged into a number of irregular processes called /?/w^f^c, hence the term 
fimbriated extremity. P'rom its irregular torn appearance it was named by the 
ancient anatomists morstis diaboU. The fimbriae vary considerably in number, size, 
and complexity. The larger ones have numerous smaller processes attached to their 
edges, and their inner surfaces present folds continuous with those lining the 
pavilion. One of the fimbriae, which is longer than the others, is attached to the 
upper end of the ovary. This, the ovarian fimbria, has a longitudinal groove leading 
from the pavilion to the ovary, and bounded at its sides by secondary fimbriae. 
In some cases this fimbria does not reach the ovary, but is attached to it by a ^ 
ligament. 

Peculiarities according to ag«. — In the new-bom child the Fallopian tubes are not 
situated entirely in the cavity of the true pelvis, their outer ends lying in the iliac fossae. 
The ampuUary part of the tube shows one to three spiral twists, and the edg'es of the ovarian 
fimViria are not fringed. In old age the tubes tend to become narrower and straighter, and 
their muscular coat atrophies. 
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Varieties. — A pedunculated cyst, known as the hydatid of Morgagni^ apparently peritoneal 
in origin, is frequently found attached to one of the fimbriae or to the tube itself. A second 
smaller fimbriated opening not unfrequently occurs at a short distance from the main one. 
Ck)ngenital absence of a part or the whole of a tube occasionally occurs. 

Structure. — Beneath the external or peritoneal coat the walls of the tube 
contain, besides areolar tissue, plain muscular fibres, arranged in an external longi- 
tudinal and an internal circular layer. The submucous tissue contains, like that of 
the uterus, multipolar ganglion cells. The mucous membrane lining the tubes is 
thrown into longitudinal plicae, which are broad and numerous in the wider part of 
the tube, and in the narrower part are broken up into very numerous arborescent 
processes : it is continuous, on the one hand, with the lining membrane of the 




Fig. 281.— Section of thk isthmus of the Fallopian tube ; human. (E.A.S.) 

uterus, and at the other end of the tube with the peritoneum ; presenting an 
example of the direct continuity of a mucous and serous membrane, and making the 
peritoneal cavity in the female an exception to the ordinary rule of serous cavities, 
t>., of being perfectly closed to the exterior. The epithelium in the interior of the 
Fallopian tube is, like that of the utenis, columnar and ciliated ; the inner surface 
of the fimbriae is also provided with cilia. On their outer or serous surface it passes 
into the pavement epithelium of the peritoneal membrane. It does not appear 
that there are glands, as was at one time supposed, in the mucous membrane lining 
the Fallopian tubes, although the appearances of the folds of mucous membrane may 
simulate tubulai* glands (fig. 281). 

THE OVABIES. 

The ovaries are two somewhat flattened oval bodies, which are placed one on 
each side of the pelvis, and connected with the posterior layer of the broad ligament 
of the uterus. The weight of each is about 100 grains (7 grammes on the average 
according to Puech, but varying from 5*25 to 10 grammes), and they usually 
measure about one inch and a half in length (36 mm.), three quarters of an inch in 
breadth (18 mm.), and nearly half an inch (12 mm.) in thickness, but their size is 
variable.* The exact position of the ovary is by no means uniform, and opinions are 

* Rrause gives rather larger dimensions for the virgin (viz. : length, 41-62 mm. ; breadth, 
20-27 mm. ; thickness,. 10-11 mui. ; volume, 4-5 c.c.) than for women of 35 to 40 who have borne 
children (length, 27-41 mm. ; breadth, 14-16 mm. ; thickness, 7-9 mm. ; volume, 2-5 c.c). 
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divided as to the condition which is to be regarded as normal. Accordinof to His. 
Waldeyer, and the majority of recent observers, the ovary in the adult nullipara is 
placed against the side wall of the pelvis with its long axis vertical, in the erect position 
of the body. Kolliker, however, describes it as lying obliquely in the pelvis with ite 
long axis parallel with the external iliac vessels, and Hasse, while admitting that the 
ovary may be considered as normally occupying the position described by His, believes 
that it is frequently drawn towards the uterus by the plain muscular fibres contained in 
the broad ligament, so that its long axis is then directed obliquely downwards and 
inwards. Adopting the account given by His as representing the usual position of 
the ovary, we may describe it as presenting two surfaces, a mesial and a lateral, two 
borders, an anterior and a posterior, and two extremities, an vpper and a lower. 
The mesial surface is free and covered to a variable extent by the fimbriated end 
of the Fallopian tube and the adjacent portion of the meso-salpinx. Some convolu- 
tions of the jejuno-ileum are often found on the inner side of the right ovary, and 
the sigmoid loop of the large intestine may have a similar relation to the left ovary. 
The lateral snrface is also free and lies against a more or less distinct peritoneal 
depression on the side wall of the pelvis termed the fossa ovarii. This depression 
is generally situated a little below the level of the external iliac vessels, and is often 
bounded below and behind by the ureter. The posterior border is free, convex, and 
turned somewhat inwards towards the rectum. Like the mesial surface it is 
covered partially by the fimbriated end of the Fallopian tube. The anterior border 
is straighter than the posterior, it gives attachment to the broad ligament between 
the two layers of which is the /«7wm, where the bloodvessels and nerves enter the 
ovary. The Fallopian tube ascends in front of this border. To its upper extremity 
is attached the ovarian fimbria of the Fallopian tube, and also a peritoneal fold, 
termed the Ugamenlum suspensorium ovarii or ligamentum infundibuh-pelvicum, 
which passes downwards from the brim of the pelvis and contains the ovarian 
vessels and nerves. The Fallopian tube bends backwards at the upper end of the 
ovary. The lower end of the ovary is generally narrower than the upper, and is 
attached to the uterus by the ligament of the ovary. This extremity does not 
normally reach the floor of the pelvis, so that the ovary is suspended against the 
side wall of the pelvis. 

Peeoliarlties according to affe.^In. the young foetus the ovary lies in front of the 
psoas muscle near the kidney and having the Fallopian tube on its outer side. From this 
position it gfiadually passes downwards and inwards, so that at birth it lies at the brim of the 
pelvis with its lower and inner end projecting slightly into the pelvis, and its upper and outer 
part in the iliac fopsa. During foetal life the ovary is long and narrow, but soon after birth 
it becomes more oval in form. Until puberty its surface is smooth, but after the process of 
ovulation is fully established it tends to become uneven. This is due to the laceration of the 
surface by the rupture of the Graafian follicles and the cicatrizations that occur in connection 
with the closure of the openings. In old 'age the ovary undergoes atrophy, becoming more 
fibrous and less vascular. 

Varieties. — The above description of the position and relations of the ovaries is based upon 
the examination of adult nulliparae, with the bladder empty and the uterus anteflexed and ante- 
verted. The ovaries, however, are not firmly fixed in any one place, and even in the same 
individual their position is liable to vary according to the condition of the other pelvic organs. 
Thus, if the uterus be moved upwards and backwards, by distention of the bladder or other 
causes, the ovaries will be displaced backwards towards the sacrum. His found that in cases 
of lateral deviation of the uterus the ovary on the side towards which the uterus lies is 
vertical, while the lower end of the opposite ovary is drawn towards the median plane by the 
ligament of the ovary, so that its long axis becomes oblique. Waldeyer, however, has recorded 
a case in which the ovary on the nidc opposite to the uterine deviation maintained its vertical 
position against the side wall of the pelvis, apparently on account of the ligament of the 
ovary being longer than usual on that side. As a rule the ovary on the side towards which 
the uterus is displaced is distinctly higher than the one on the opposite side. Thus in a 
specimen of Waldeyer's, the one ovary had its upper end 1 cm. below the level of the external 
iliac vein, and the other ovary reached as high as the upper border of the corresponding vein. 
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Waldeyer states that he has not seen any cases, such as Hasse describes, where a normal ovary 
lies in contact with the uterus. 

Absence of one or both ovaries is extremely rare. Occasionally the ovaiy retains its 
infantile form until adult life. It is very uncommon to find it remaining in its primitive 
position near the kidney, but sometimes in place of descending into the pelvis it takes a 

Fig. 282. — SBOTioir of the ovart of the 
CAT. (Schrbn. ) } 

1, outer coveriog and free border of the 
ovary ; 1', attadied border ; 2, the central 
ovarian stroma, presenting a fibrous and 
vascular structure ; 3, peripheiiil strama ; 
4, blood-vessels ; 5. Graafian follicles in their 
earliest stages lying near the surface ; 6, 7, 8, 
more advanced follicles which are imbedded 
■ore deeply in the stroma ; 9, an almost 
mature follicle containing the ovum in its 
deepest part; 9^, a follicle from which the 
ovum has accidentally escajied ; 10, corpus 
Juteum. 




'^fm^f. 



similar course to that of the testicb. 

passing into the inguinal canal and even 

through the external abdominal ring to 

the labium majus. ^Iien enlarged it frequently becomes prolapsed, passing downwards and 

inwards behind the uterus, so that when both ovaries are enlarged they may meet near the 

median plane. 

Structure of thk Ovary. 

The ovary consists of a stroma, in which are embedded Graafian follicles con- 
taining ova. The stroma is composed of a peculiar connective tissue with blood- 
vessels, nerves, and plain muscular fibres, and it has an outer ppithelial covering. 




Fig. 288. — PORTIOM OP THE 8KCTI0N OF THR PHKPARED CAT's OVARY, RKPRESEHTKD IN THE PRECEDING 
yiQURK, MORE HIGHLY MAGNIFIED. (SchrOD.) 

1, epitheUum and outer covering of the ovary ; 2, fibrous stroma ; 3, 3', less fibrous, more super- 
fkial stroma ; 4, blood-yessels ; 5, small Graafian follicles near the surface : 6, one or two more deeply 
placed ; 7, one farther developed, enclosed by a prolongation of the fibrous stroma ; 8, a foUicle fai*ther 
Advanced ; 8', another which is irregularly compressed ; 9, part of the largest follicle ; a. tunica 
granulosa ; &, discus proligerus ; c, ovum ; ci, germinal vesicle ; e, germinal spot. 

Epitheliiim and stroma. — The external surface of the ovary is of a whitish 
colour, and in early Hfe is comparatively smooth and even ; but in later life it 
becomes more uneven and is marked by pits and scars. It is covered by an epi- 
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thelium which differs from that of the peritonenm in being composed of pyriform or 
columnar cells ; and the surface has a dull appearance as compared with the shining 
smoothness of the serous membrane. A distinct line of demarcation exists around 
the attachment of the ovary, where the two kinds of epithelium pass into ea^h other 
( Waldeyer). This ovarian epithelium is the remains of the germinal epiihelitm from 
which both the ova and the other cells within the Graafian follicles have been 
developed in the embryo. Here and there are occasionally to be seen amongst the 
ordinary epithelium-cells, others which are much enlarged and of a spherical form. 
These are primitive ova, similar to those from which the permanent ova are formed 




^. Genninal Epithelium. 
V AVv^A'l ^ tunica albuginea, 
. yM^f-y— SmallGraafianfoUidt. 
*>-/ ' ''. >. i. ; - ' Ovum, 



Memhrana granvlota 
of a latye foUicU, 



Fig. 284. — Skction of part of thb ovary of a tocnq girl. (t. Bohm and Dayidoff.) ^^^ 

in the foetus and young subject, but it is doubtful whether the formation of ova from 
cells of the germ-epithelium proceeds further in the adult. 

Within the epithelium a firm layer of fibrous tissue encloses all the deeper parts. 
This has been compared to the dense fibrous covering of the testicle, and thence 
named titnica alhvginea ovarii^ but without sufficient reason, for it is not a distinct 
tunic, and is in fact no more than a condensed part of the ovarian stroma. 

The stroma is chiefly composed of a fine connective tissue, in which the cells, 
many of which are spindle-shaped, are remarkably abundant and distinct. Besides 
the spindle-shaped cells, others^ are met with which closely resemble the interstitial 
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cells of the intertabular sabstanoe of the testis. Like these, they have a polyhedral 
or irr^alar shape and often a yellowish coloar, and they are chiefly found ac- 
companying the blood-vessels, although in older ovaries they may be very extensively 
diffused throughout the stroma; The stroma also contains elastic tissue, and is 
permeated by blood-vessels, which are large towards the hilum and in the centre of 
the ovary where the tissue is more fibrous, and become gradually smaller towards the 
surface. Along these blood-vessels in the deeper part of the ovary bands of muscular 
fibres run, having entered from the broad ligament ; but it is uncertain whether 
they extend into the more superficial parts of the ovarian stroma. According 

Fig. 285. — Skctioit of the ovaky of a 

NBWLT-BORN CHILD. HlOHLT MAGNI- 
FIED. (Waldeyer.) 

a. Ovarian or germinal epitheliam ; b, 
formation of an ovarian tube ; c, c, pri- 
mordial ova lying in the germ epithelium ; 
d, df longer tube becoming constricted so 
as to form nests of cells ; e, e, larger 
nests ; /, distinctly formed follicle with 
ovum and epithelium ; g, g, blood- 
vessels. 




to some authorities the spindle- 
shaped cells which characterize 
the ovarian stroma are also of 
a muscular nature. There is a 
general radial disposition of the 
bands of stroma from the hilum 
towards the surface. 

Chraafian foUiolas. — Im- 
mediately under the superficial 

covering of the ovary there is a layer of stroma somewhat different from the deeper 
parts, and which is so uniformly spread over the organ as to have received the 
name of cortical layer. This is particularly obvious in the ovaries of some animals 
(figs. 282, 283, 5) and of young children, in whom this layer is comparatively thick, 
and to the naked eye its appearance is granular from the accumulation in it of an 
immense number of closely set small vesicles, constituting the early condition of the 
ovarian or Graafian follicles with their contained ova. Embedded more deeply in 
the substance of the ovary are seen other larger and less numerous follicles of varying 
size, the largest being also the most deeply seated. The very largest, however, which 
are approaching maturity, eventually reach the surface again, owing to their being 
gradually more and more distended with fluid, and may there be seen projecting 
somewhat, in the form of clear vesicles, from one-twentieth to one-sixth of an inch 
in diameter. When these are punctured or ruptured a drop of clear fluid (liqnor 
folliculi) escapes, carrying with it the minute ovum surrounded by an accumulation of 
the epithelium-cells of the follicle, known as the discus proligerus. Rupture of a 
Graafian vesicle, or it may be of more than one, occurs in healthy females at or before 
every successive menstrual period. After the discharge of its contents, the empty 
and collapsed Graafian follicle becomes filled with a peculiar reddish-yellow tissue 
and constitutes a body termed corptis luteum. Should pregnancy occur, this body 
undergoes a considerable development, which is maintained during the greater part 
of the time of utero-gestation. But in the unimpregnated female the corpus luteum 
begins to retrograde within ten or twelve days after its commencement, and 
soon shrinks and ultimately disappears. Other follicles, especially before and 
after the child-bearing period, may after advancing to a certain stage of development 
undergo a retrograde metamorphosis, their contents becoming broken up and 
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liquefied and fcheir walls collapsed and converted into a non- vascular homogeneous 
membrane. Follicles in this condition are not at all infrequent in the deeper parts 
of the ovarj (fig. 286, k). 

In addition to Graafian follicles in various stages of development and retrogression, there 
may also occasionally be seen in sections of the adult ovary and constantly in that of the 
young subject, cords or tubes composed of rounded or polyhedral cells, sometimes with 
developing ova imbedded amongst the other cells (fig. 286, ^). These cords may be in con- 




Fig. 286. — Section of the ovary of an adult bitch. (Waldeyer.) X^ 

a, germ-epithelium ; 5, egg-tubes ; c, c, small follicles ; rf, more advauced follicle ; ^ discus 
proligerus and ovum ; /, second ovum in the same follicle (this occurs but rarely) ; </, outer tunic of the 
follicle ; A, inner tunic ; i, membrana granulosa ; k, collapsed retrograded follicle ; L, blood-vessels ; 
m, m, longitudinal and transverse sections of tubes of the parovarium ; y, involuted portion of the 
germ-epithelium of the surface ; 2, place of the transition from peritoneal to germinal or ovarian 
epithelium. 

tinuity with the germinal epithelium or they may be altogether cut off from it. Others occur 
which are partially constricted into rounded nests of cells by growth of the stroma across the 
cords, and similar nests or groups are found entirely separated, and with or without a developing 
ovum in the centre. It is from such nests of cells that the Graafian follicles have become 
developed. 

Stmotnre of the OraAflan follioles. — The smallest Graafian follicles have no 
proper wall. They consist merely of a single layer of cells, immediately investing 
the contained ovum (fig. 284). In section, the cells are flattened and look spindle- 
shaped in the* human subject, and not very unlike the cells of the ovarian stroma, so 
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that they have been thought to be derived from those cells ; but the observatious 
of Balfour and others upon the lower animals tend to confirm the view which 
was first taken by Waldeyer that, like the ova themselves, the epithelium-cells of 
the follicles are originally derived from the germinal epithelium. These smallest 




Fig. 287. — Figures showing various stages in thk drvelopment op the Graafian follicles in 

THE RABBIT. HlOHLT MAGNIFIED. (E. A. S.) 

A, From a section of the ovary of a young rabbit, showing the " egg- tubes* of PflUger continuous 
with the germinal epithelium of the surface, from which they are developed somewhat after the manner 
of tubular glands. Some of the egg-tubes contain primitive ova. B, primitive Graafian follicles derived 
from the breaking up of an egg-tube. C, a Graafian follicle within which the permanent ovum has 
now become distinct. The follicle has only a single layer of epithelium. D, a larger follicle in which 
there are two distinct layers of epithelium, but the inner layer is formed of flattened cells. E, a 
lai^er but still quite young follicle in which the inner layer of cells as well as the outer is composed 
of columnar epithelium. Figs. B, C, D, and R are taken from sections of ovaries more advanced in 
development than A. 

follicles are very numerous, especially in the young subject ; indeed, it has been 
computed that in the ovaries of a female child at birth there cannot be fewer than 
70,000 of them. If this is the case, a large proportion mast degenerate and dis- 
appear without coming to maturity. Their size is about y^th of an inch 
(•25 mm.). 
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In follicles which are a little larger, and situated somewhat more deeply in the 
stroma, the epitheliam-cells, although still in a single layer, are no longer fiattened 
but cubical (fig. 287, c) ; a membrana propria or basement membrane can be detected, 
and the layer of stroma next to the follicle is beginning to be somewhat differentiated 
from the rest so as to form a special fibrous wall to the follicle. In others again a 
second layer of cells is beginning to be formed or may be found entirely formed 
within the first, and of the two layers thus produced, one immediately invests the 
ovum, and the other lines the wall of the follicle (fig. 287, d). The former is the 
beginning of the discus proligerus, and the latter of the membrana granulosa. The 
cells of both layers soon become columnar (fig. 287, e). 

In foUicles which are still larger, fiuid is seen to be accumulated between the two 
layers of cells, and thus to distend the follicle. This collection of fiuid is absent at 
one part, generally that which is directed away from the surface of the ovary, so 
that here the cells which surround the ovum are in continuity with those which line 
the follicle, and the ovum is thus in a manner attached at this place to the wall of 
the follicle (see fig. 283). In the largest follicles the chief difference in the contents 
of the follicle consists in the far greater accumulation of the liquor folliculi, and in 
the multiplication of the epithelium-cells — both those which line the follicle (mem- 
brana granulosa) and those which invest the ovum (discus proligerus)— so that each 
of these parts consists, in large follicles, of several layers of cells, mostly rounded or 
irregular, but columnar next to the wall of the follicle and the exterior of the ovum 
respectively. 

The larger follicles have a very distinct wall, which is continuous with and 
derived irom the stroma of the ovary, and is separable into two parts, an inner 
containiog the ramifications of the capillary blood-vessels, which are abundantly 
distributed to the larger follicles, but nowhere penetrate amongst the epithelium 
cells ; and an outer part more fibrous, in which the larger branches of the blood- 
vessels of the follicle run. In both layers of the follicular wall, the cells are similar 
to those of the general stroma, interstitial cells occurring abundantly ; but it is 
uncertain whether there are any cells present of the nature of muscular fibres. The 
smaller blood-vessels running round the foUicle from its deepest part, and minutely 
sub-divided on its inner surface, converge towards a point near the middle of the 
most projecting part, called the stigma. This marks the spot where the rupture 
of the vesicle ultimately occurs, when fully matured. 

Each Graafian follicle usually contains only a single ovum ; but occasionally, 
though seldom, two ova, and very rarely three, are observed in the same follicle. 
The structure of the ovum has already been described in Vol. I., pt. 1 ; but for 
the sake of completeness the description of the human ovum may be here repeated. 

Stmotiire of the ovarian oviim. — The human ovum resembles that of all other 
mammals (with the exception of monotremes) in its minute size. Immediately 
before the time of its discharge from the Graafian follicle of the ovary in which it 
has been formed, it is a small spherical vesicle measuring about ttt^^ ^^^^ (*^ mm.) 
in diameter, and is just visible as a clear speck to the naked eye. When 
examined with the microscope, it is found to be invested by a comparatively thick, 
clear covering. This, when the centre of the ovum is exactly focussed, has the 
appearance in optical section of a clear girdle or zone encircling the ovum (fig. 288), 
and was hence named zona pellucida by von Baer (1827). But on more careful 
examination with higher magnifying powers, and especially by the examination of 
sections, there is not much difiiculty in making out the existence of stria passing 
radially through the membrane (fig. 289, zp). On this account, and especially since a 
similar radially striated membrane forms a characteristic part of the investment of 
the ovum in many animals belonging to widely different classes, it is more convenient, 
in place of the name zona pellucida, which has been exclusively used to designate 
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this investment in mammals, to employ the more general term zona radiatay or to 
speak of it simply as the striated membrane of the ovum. 

The zona radiata of the mammalian ovum is suflSciently tough to prevent the 
escape of the contents of the ovum, even when subjected to a considerable amount 
of pressure. If, however, the pressure be excessive, the tunic splits, and the soft 
contents are extruded (fig. 288, ft). The striae in the membrane are believed to 
be minute pores, and are supposed, while the ovum is yet within the Oraafian 
follicle, to permit the passage of granules of nutrient material into the interior of 
the ovum. After the ovum is discharged from the follicle, the spermatozoa may 
perhaps find their way into the ovum through these pores. According to Betzius 








Fig. 288.— Ovarian ovum of a mammal. (Allen Thomson. ) 

Ay an entire ovum, viewed under pressure ; the }p*anular cells have been removed from the outer 
surface, the germinal vesicle is seen in the yolk substance within ; 6, the external coat or zona burst by 
increased pressure, the yolk protoplasm and the germinal vesicle having escaped from within ; c, germi- 
nal vesicle more freed from the yolk substance. In all of them the macula is seen. 

Pig. 289.— Ovum of a mammal; hiohlt maokifibd. sbmi-diaorammatic. (E. A. S.) 

zp^ zona pellucida, showing radiated structure ; vt, vitellus, round which a delicate membrane is 
seen ; gv, germinal vesicle ; gt^ germinal spot 

the protoplasm of the ovum is united with the follicle-cells by fibres which pass 
through the pores of the zona. 

Immediately surrounding the zona radiata, as the ovum lies within the mature Graafian 
follicle, is a thin stratum of granular substance, probably deposited upon the exterior of the 
ovum by the innermost cells of the discus proligerus, which immediately encircle the ovum 
within the follicle. When the Graafian follicle bursts and the ovum is set free, this granular 
material appears to imbibe water, and, as is specially noticeable in the ovum of the rabbit, 
swells up into a clear gelatinous envelope, which has been termed, from a possible homology 
with the white of the bird's Qgg^ the albumen. But in the mammal this structure has not 
the nutritive importance to the embryo which is possessed by the corresponding formation 
in the bird, and it disappears during the passage of the ovum down the Fallopian tube. 

The substance of the ovum within the tunica radiata is known as the vitellus 
or yolk (fig. 289, v%). It is a soft semi-fiuid substance, composed mainly of proto- 
plasm, which is filled with globules and granules (yolk-granules) of different 
sizes, but all small, and possessing a high index of refraction. Examined in the 
fresh condition, the protoplasm between the granules looks perfectly clear and 
structureless, but after treatment with suitable reagents, it may be seen to consist of 
a fine reticulum, which is especially fine and close near the periphery of the ovum, 
and also around the germinal vesicle, at which places the yolk-granules are in less 
amount than elsewhere. The substances which occur within an ovum other than 
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the nucleus and protoplasm, may, as in cells generally, be collectively designated 
'* deutoplasm " ; they are regarded as furnishing a supply of nutrient matter to the 
protoplasm during the earlier stages of development. 

Embedded in the protoplasmic vitellus, usually eccentrically, is a large spherical 
nucleus, which was termed by its discoverer, Purkinje, the germinal vesicle} This^ 
which is about y^th inch (-05 mm.) in diameter, has all the characters of a nucleus 
of a cell. It consists of a nuclear membrane {fig, 289, gv) enclosing a clear material 
or matrix, embedded within which may be seen strands of karyoplasm, enclosing 
one or more well-marked nucleoli. Frequently there is but one nucleolus, which is 
then large and prominent, and has received the name of germinal sjwt {macula get- 
minativay Wagner, 1835). 

There is some doubt whether, before fertilization, there is another membrane (viteUine 
membrane) enclosing the viteUua within the zona radiata. The evidence of the presence of 
such a membrane is by no means clear, although its existence has been maintained by very 
competent observers (v. Beneden, Balfour). 

Stmoture of the corpora Intea. — The corpora lutea are produced after the 
rupture of the Graafian follicles and the escape of their contents by what may 






Fig. 290.— Thbkb staobs in the formation of thk Ci>iiPos LWTKOM in the mocsk. (Sobott*.) 

A, commencing ingrowth of the vascular tissue of the theca folliculi into the liypertrophied follicaUr 
epithelium ; «, vascular ingrowth ; thi, theca or wall of follicle ; fe, follicular epithelium. 

B, a further stage in which the va-»cular ingrowths of the theca converge towards a central cantj. 
Between the ingrowths or trabeculw the follicular epithelial cells, which are undergoing r»pjd 
multiplication, appear as if disposed m columns, i, leucocytes amongst the foUicuUr cells ; 4r, sarfa« 
epithelium of the ovary. 

c, a further stage, the columns being now narrower and the trabeculae more numerous. 

> Purkinje discovered the germinal vesicle in the bird's ovum in 1825 ; that of mammals w»s fin* 
noticed by Co^te in 1833. 
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perhaps be most correctly described as a process of hypertrophy, «.«., growth of the 
walls of the empty follicles. The hypertrophied follicular wall becomes thrown into 
plaits or folds which as they increase in extent occupy more and more of the cavity 
of the empty follicle, until this has become entirely filled. The hypertrophy is 
usually described as the result of the proliferation of the polyhedral interstitial 
stroma-cells, which as already stated occur in the wall of the follicle in abundance, 
and there is in addition a considerable development of blood-vessels, which run, 
accompanied by fibrous tissue, into the folds into which the wall of the follicle is 




Fig. 291. — MORR ADVANCED COR- 
PUS LUTRUH OF THE MOUSE, 
SHOWING ITS FORMATION COM- 
PLETED. (Sobotta. ) 

The central cavity is now occu- 
pied by jelly-like connective tissue 
and the converging trabeculse anas- 
tomose with one another so as some- 
what to break up the columnar 
arrangement of the hiteat cells. 

thrown, giving: off capil- 
laries which ramify abun- 
dantly in the folded wall. 
But according to the obser- 
vations of J. Sobotta upon 
the mouse, the main part 
of the thickening is due to 
a simple hypertrophy of 
the epithelium-cells of the 
membrana granulosa, into 
which vascular processes of 
the wall of the follicle grow 

and amongst which a certain number of leucocytes penetrate (fig. 290). Meanwhile 
the irregular cleft-like space which now alone represents the cavity of the follicle, as 
well as the opening resulting from the rupture of the follicle and by which its cavity 
communicated with the surface, become occupied by a sort of jelly-like connective 
tissue, which constitutes a kind of hilum for the follicle. To this central fibrous 
band the strands of fibrous tissue which accompany the blood-vessels in the folds of 
the hypertrophied wall of the corpus luteum converge. At the same time the plaited 
disposition of the wall becomes in great measure obscured, so that a section of a 
corpus luteum, when advanced in development (fig. 291), exhibits a fibrous frame- 
work having a radial disposition, with the intervals between the radiating trabeculae 
occupied by a tissue which is almost wholly composed of large yellowish cells. 
Amongst these cells are numerous cleft-like spaces (lymphatic), and except for the 
fact that the columnar disposition is less distinct and that the capillary blood- 
vessels come more closely into relationship with the cells of the tissue, the structural 
appearances are not unlike those which are met with in the cortical part of the 
suprarenal capsule. 

The corpus luteum is at first sharply marked off by the theca foUiculi 
from the surrounding ovarian stroma, but after a time its limits are less well 
defined from the neighbouring parts of the stroma, into which it may be said 
gradually to merge and in this way to disappear. The result is that, as age 
advances, the stroma of the ovaries, at least in some animals, becomes gradually 
pervaded with cells like those of the corpora lutea. 

Vessels and nerves of the ovaries. — Arteries. — The ovaries are most directly 
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supplied by the ovarian arteries, analogous to the spermatic in the male, which 
anastomose freely by an internal branch with the termination of the uterine arteries. 
Sometimes this anastomotic branch is so large that the ovary seems to be supplied 
almost entirely by the uterine artery. The ovarian artery always sends numerous 
branches to the Fallopian tube. The smaller arteries penetrate the ovary along its 
attached border, pierce the proper coat, and run in flexuous parallel Hues through its 
substance. The ▼eins correspond, forming a plexus near the ovary named the pom- 
piniform plexm. The nerves are derived from the ovarian plexiis ; and also from the 
uterine nerves, which invariably send offsets to the Fallopian tubes. The nerves are 




Two nauRKS bxhibitikg a comparison betwbbn parts of thr qrrerativb organs in the two 

SEXES (from Farre, after Kobelt). 

Fig. 292. — Adult ovary, parovarium and Fallopian tube. 

a, o, Epoophoron (pai-ovarium) formed from the upper part of the Wolffian body ; 6, remains of the 

uppermost tubes, sometimes forming hydatids ; c, middle set of tubes ; d^ some lower atrophied tubes ; 

e, atrophied remains of the Wolffian duct ; /, the terminal bulb or hydatid ; h, the Fallopian tubo, 

originally the duct of MlUler ; i, hydatid attached to the extremity ; U t^e ovary. 

[Fig. 293.— The adult testis and epididymis. 

a, a, convoluted tubes in the head of the epididymis developed from the upper part of the Wolffian 
body ; h and /, hydatids in the head of the epididymis ; c, coni vasculosi ; d, vasa aberrantia ; A, 
remains of the duct of MUtler with i, the hydatid of Morgagni, at its upper end ; /, body of the testis. 

said by Gawronsky to penetrate even amongst the epithelium cells of the membrana 
granulosa of the Graafian follicles. 

Parovarium. — The organ so named by Kobelt, or the organ of Eosenmuller, 
who first described it, is a structure which can usually be brought plainly into 
view by holding against the light the fold of peritoneum between the ovary 
and Fallopian tube (see fig. 292, a, h, c, d). It consists of a group of 
scattered tubules lying transversely between the Fallopian tube and ovary, lined 
with epithelium, but having no external openings. The tubules converge towards 
their ovarian end, but remain separate there, while at the other they are more or 
less distinctly united by a longitudinal tube which is sometimes of considerable size, 
and prolonged for some distance downwards in the broad ligament. Its more 
developed form in some animals, as the cow and pig, constitutes the dtict of 
Gartner. The origin of this vestige of a foetal structure is referred to under Develop- 
ment (Vol. I. part 1, p. 120). Here it is sufficient to state that it corresponds 
essentially to the epididymis of the male. Vestiges corresponding to the organ of 
Giraldes of the male are also sometimes to be detected in the adult female, in the 
shape of tubular remnants, situated in the broad ligament nearer to the uterus 
than the parovarium. These constitute the paroophoron of Waldeyer ; the organ of 
Rosenmiiller constituting the epoophoron. 
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MAMMARY GLANDS. 

The mammary glands (mamm(e), which yield the milk in the female, are accessory 
parts to the reproductive system. They give a name to a large class of animals 
(Mammalia) which are distinguished by the possession of these organs. When 
fully developed in the human female, they form, together with the integuments and 
a considerable quantity of fat, two hemispherical or conical eminences (the breasts) 
placed one at each side on the front of the thorax. A little below the centre of 
each breast, on a level with the fourth rib, or slightly lower, projects a small 
cylindrical or conical body named the nipple {mamilla), which points somewhat 
upwards and outwards. Each gland is situated in the superficial fascia, and extends, 
in a vertical line passing through its nipple, from the second to the sixth or seventh 
rib, and in a horizontal line, through the same structure, from a little internal to 




Fig. 294.— Dissection of the lower half of the female mamma durinq the period of laotatiow 

(from Luschka). | 
a, a, a, undissected part of the mamma ; 1, the mamilla ; 2, areola ; 3, subcutaneoaa masses of 
fat ; 4, loculi in the connective tissue which supports the glandular substance ; 5, three Jactiferous 
ducts i>as8ing towards the mamilla where they open ; 6, one of the sinuses or ampnllse ; 7, some of 
the glandular lobules which have been unravelled ; 7', others massed together. 

the lateral border of the sternum opposite the fourth costal cartilage to the fifth 
intercostal space opposite the mid-axillary line,^ and measures some 4^ inches 
(112 mm.) from above down ; about 5 inches (128 mm.) across ; and about 2 inches 
(54 mm.) thick. The average weight of each gland in the virgin is from 150 to 
200 grammes ; in the nursing woman from 400 to 500 grammes (Testut). 

Struotore of the nipple. — The surface of the nipple is dark, and around it 
there is a coloured circle or areola, within which the skin is also of a darker tinge 
than elsewhere. In the virgin, these parts are of a rosy pink colour, diflfering some- 
what according to the complexion of the individual, but they are always darker in 
women who have borne children. Even in the second month of the first pregnancy, 
the areola begins to enlarge and acquire a darker tinge ; these changes go on 

^ The lateral extension of the mammary gland given above is based upon the observations of 
Stiles, Edin. Med. Journal, 1892. 
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increasing as gestation advances, and are regarded as signs to be relied on in 
judging of suspected pregnancy. AfDcr lactation is over, the dark colour subsides, 
but never entirely disappears. The skin of the nipple is marked with many 
wrinkles, and is covered with papillas ; besides this, it is perforated at the tip by 
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Fig. 295. — Transverse section ok the nipple. (Testut, after de Sinety.) 

a, sections of galactophorous ducts, with, e, columnar epithelium : 6, connective tissue ; m, m\ plain 
muscular fibres cut longitudually and transversely respectively ; v, bloodvessels. 

numerous foramina, which are the openings of the lactiferous ducts ; and near its 
base, as well as upon the surface of the areola, there are scattered rounded elevations, 
which are caused by the presence of well-marked sebaceous glands with branched 
ducts four or five of which open on each elevation. The sudoriparous glands of 
the areola are also large and much convoluted, but there are no sudoriparous glands 
in the nipple proper nor are there any hair follicles here. The tissue of the nipple 
contains a large number of vessels together with much plain muscular tissue, and its 
papillae are highly sensitive ; it becomes firmer and more projecting from mechanical 
excitement, a change caused by contraction of the muscular fibres, which form 
concentric circles round the base of the nipple and radiating bands running from 
base to apex. 

Structure of the manmia. — The mamma is composed of glandular tissue, 
supported by a connective tissue stroma in which the blood-vessels, lymphatics and 
nerves ramify. It also comprises a greater or less amount of adipose tissue. The 
relative amount and distribution of these constituents varies considerably according 
to the age of the individual, and whether the gland is, has been, or has not been, 
functionally active. In the adult nullipara the gland is usually a firm conical mass 
with its apex at the nipple. This part is called the corpus mammcR ; from it peri- 
pheral processes extend in various directions. Under the nipple and areola the 
stroma is entirely devoid of fat, but towards the circumference a few fat lobules may 
be embedded in it. The anterior surface of the gland is convex, but uneven, owing 
to the presence of numerous irregular processes passing towards the skin, with which 
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some of them are united bj bands of connective tissue, the so-called ligmnents of 
Cooper, Lobules of fet occupy the intervals between these processes. The posterior 

Fig. 296.— HOKIZOMTAL SKCTIOR OF THE MAMMARY 
GLAND AT THE LKVEL OF THE NIPPLE IN A NULLI- 
PABOUS FEMALE AGED 27 YEARS. (StlleS.) \ 

The specimen was kept for 2 days in a 5 p. c. 
solution of nitric acid, then washed in water and 
preserved in methylated spirit. 

N, nipple ; s, skin ; l.o, ligament of Goopet 
connecting a process of the gland with the skin : 
p.p, peripheral processes; f.l., fat lobules; p.m, 
pectoralis major muscle. 

surface of the gland is flat or slightly con- 
cave, and much more even than the anterior, 
as the corpus mammae is bounded here by a 
smooth compact layer of gland tissue. 
Delicate glandular processes do, however, 
extend from this aspect into the retro- 
mammary tissue, reaching close to the 
subjacent muscles and even, according to 
Heidenhain, passing into the pectoralis 
major. The upper and inner portion of 
this surface, comprising about two-thirds 
of its whole extent, lies upon the pectoralis 
major; external to this muscle the posterior 
surface rests on the axillary fascia which 
separates it from the serratus magnus,and 
lower down it is in relation with the digi- 
tations of the serratus magnus and external 
oblique which arise from the fifth and 
sixth ribs (Stiles). The edges of the 
mamma are not sharply defined as, at its 
periphery, the corpus mammae breaks up 
into numerous irregular processes which 
branch and unite to form a reticular 
formation enclosing lobules of fat. The 
stroma of the peripheral processes, where 
the gland tissue ceases, becomes directly 
continuous with the connective tissue 
framework of the adjacent fat lobules. 
At puberty the gland appears on external 
examination to be well developed, but it 
really consists mainly of stroma and excre- 
tory ducts, the true secreting acini being 
few in number. During lactation the 
gland tissue proper undergoes a marked 
development, and the stroma is relatively 
reduced in amount, so that on section the 
gland presents to the naked eye a close 

resemblance to a salivary gland. After the period of functional activity is ended 
the gland returns by a process oi involution to its resting stage, but it does not 
regain the appearances it exhibited before pregnancy. Thus the corpus mammae 
is less distinct, and its stroma is looser and contains numerous fat lobules, while 
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the peripheral processes are larger and have a more extensive distribution. A layer 
of fat of p^reater or less thickness is now found between the gland and the deep fascia. 

Fig. 207. — Horizontal section of the mam- 
mary QLANI> at the level OF THE NIPPLE 
IN A MULTIPARA, AGED 40. ThE SPECIMEN 
WAS TREATED IN THE SAME WAT AS THAT 

SHOWN IN FiQ. 296. (Stiles.) \ 

M.s, sinus or ampulla of mUk duct ; r.m.p, 
retromammary fat ; other letters &s in fig. 296. 

After the menopause the appearance 
of the gland varies according to the 
general condition of the subject. Thus 
in thin women it forms a somewhat 
flattened disc which comes into close 
i*elation both with the skin and the 
subjacent muscles, while in obese 
women the mamma is composed mainly 
of fat, the stroma investing the paren- 
chyma forming a wide open meshwork, 
except in the immediate vicinity of the 
nipple. 

The glandular substance of the 
mamma consists of numerous distinct 
lobes, twelve to twenty in number, held 
together by firm intervening fibrous or 
areolar tissue, and having adipose tissue 
penetrating between them. Each of 
these lobes is provided with an excre- 
tory duct, and is subdivided into smaller 
lobes, and these again into the lobules 
which are beset with the alveoli. Each 
lobe is practically a distinct gland, 
although the lobes come into close 
contact with one another. Sometimes, 
besides the principal lobes, small acces- 
sory lobes or glands are met with near 
the base of the nipple. The lobules are 
separated from one another in the human 
subject by a large quantity of areolar 
tissue (fig. 298). The interlobular tissue 
contains numerous plasma-cells. The 
substance of the lobules is of a pale 
reddish cream-colour, contrasting with 
the adjacent fat, and is rather firm. 
The excretory ducts, named the galucto- 
phorous ducts, are, like the lobes, about 
twenty in number ; they converge 
towards the areola, beneath which they 
become considerably dilated, especially 
during lactation, so as to form ampuUiZ 
ox sinuses about 12 mm. long and 6 mm. wide (fig. 294, 6), which serve as small 
temporary reservoirs for the milk. At the base of the nipple all these ducts, again 
reduced in size, are assembled together, those in the centre being the largest, and 
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then proceed, side by side, sarrounded by areolar tissue and vessels, and without 
communicating with each other, to the summit of the mamilla, where they open 
by separate orifices ; these orifices are seated in little depressions, and are smaller 
than the ducts.. The walls of the ducts are composed of areolar tissue, with longi- 




Fig. 298.— Section of mammary gland of woman during lactation. (Testut, after de Sinety.) 
«, lobule of gland ; 5, acini lined by cubical epitbelium ; c, duct ; t, connective tissue stroma. 

tudinal and circular elastic fibres but without muscular tissue. The membrana 
propria of the alveoli is described as consisting of a homogeneous membrane having 
stellate and anastomosing cells upon its inner surface next to the epithelium. 









Fig. 299. — Alvboli of tus mammart gland of thb bitch under different gonditicns of activity. 

(Heidenhain. ) 

a, 6, section through the middle of two alveoli at the commencement of lactation, the epithelium 
cells being seen in profile ; c, part of the wall of an alveolus in a similar condition with the epithelium 
ceUs seen fiat ; d, an alveolus in full secretory activity. 

Both the alveoli and the ducts are lined with a simple layer of epithelium, which 
is flattened in the alveoli and in the lobular ducts ; cubical in the larger ducts and 
columnar in the excretory ducts and ampullae. Near the external openings on the 
nipple it becomes scaly stratified. 

The epithelium differs in its appearance according to the state of activity of the 
gland. When entirely inactive the alveoli are very small, and the epithelium cells 
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small and granalar. At the commencement of lactation the alveoli enlarge and 
become distended with clear secretion (fig. 299, a, b) ; the cells are flattened out 
against the membrana propria and contain fat globules of varying size and in the 
fluid contents of the alveoli besides similar fat globules, some of which have a 
partial suiTounding of protoplasm, a few uni- or multi -nucleated granular cells are 
seen. During full activity the cells become cubical or even columnar, but are 
irregular in size and exhibit indications of division and of budding off into the 
interior of the alveoli (fig. 299, d). By the breaking down of parts of the cells 
which have thus become free in the alveoli the constituents of the milk appear to be 
formed, the fat globules which were present within the cells becoming suspended in 
the fluid of the alveoli as milk globules, and the albuminous constituents of the cells 
becoming dissolved and foiming the casein and other proteid substances of the milk. 

There is a rich network of blood-capillaries investing the alveoli, and the alveoli 
are surrounded by sinus-like lymphatics, as in other racemose glands. 

In the adult male the mammary gland and all its parts exist, but quite in a 
rudimentary state, the gland itself measuring only from half to three-quarters of an 
inch acro<i8, and one-sixth of an inch thick. Occasionally the male mamma, 
especially in young subjects, enlarges and gives out a thin watery fluid ; and, in 
rare cases, it haa secreted milk. 

Blood-Teasels, Lymphatics, and Nerves. — The arteries which supply the 
mammary glands are the lotiff tJiaracfc and some other branches of the axillary artery, 
the internal mammary^ and the subjacent iniercosiah. The veins have the same 
denomination. Haller described a sort of anastomotic venous circle surrounding 
ths base of the nipple as the circulus venosus. The lymphatics within the 
mammary gland form plexuses in the connective tissue around the alveoli and ducts. 
There are also lymphatics which accompany the blood-vessels in the gland, and, as 
elsewhere, the smaller blood-vessels have usually a single accompanying lymphatic 
vessel of much larger calibre than the artery itself, while the sheaths of the larger 
vessels contain two or three lymphatics (Stiles). These perivascular lymphatics 
communicate freely with those around the lobules and ducts of the gland. In addition 
to the intramammary lymphatics there are four other sets of vessels connected with 
the mammary lymphatic system, viz., cutaneous, subareolar of Sappey, circummam- 
mary, and retromammary. The lymphatics from the inner part of the gland pass with 
the perforating branches of the internal mammary artery to join the small sternal 
glands situated along the course of this vessel. On the outer side of the gland the 
vessels are much larger and unite to form two or three principal trunks which pass to 
lymphatic glands in the axilla. The nerves proceed from the anterior and lateral 
mier costal cutaneous branches. They pass partly to the glandular substance and blood- 
vessels, partly to the skin. In the nipple many of them end in tactile corpuscles 
within the papillae, and some of those in or near the areola enter Pacinian corpuscles. 

Varietiee. — Entire absence of both glands and nipples is veiy rare ; a few such instances, 
however, are recorded in otherwise normallj developed individuals. Thus IrVjlie met with a 
case in a woman, aged twenty-one years. A small mole existed where the right nipple is 
normaUy situated. Batchelor describes a similar condition in an adult female, but in this 
instance the usual position of each nipple was occupied by a small area of pigmented skin. 
In a boy three-and-a-half years old J. Hutchinson found complete absence of both mammary 
glands, associated with absence of hair and an atrophic condition of the other integumentary 
appendages. Absence of one mammary gland is almost as uncommon as that of both, and is 
usually associated with an imperfect development of the thoracic waU on the same side. The 
glands themselves may be well formed, but the nipples absent. Such cases are of interest in 
connection with the fact that in the ornithorhynchus there are no nipples, the mammary 
secretion being discharged on to a plane surface ; further in the development of the 
mammary gland the papillaiy elevation of the skin giving rise to the nipple is secondary to 
the epithelial downgrowth from which the gland itself is formed. 

In the majority of mammals more than two glands are normally present, indeed in some 
of the Insectivora there are as many as eleven pairs. It has been shown by O. Schultze that 
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in the embryo of various mammals, such as the cat, rabbit, and mole, a line of thickened 
epithelium is formed on each side of the trunk extending from the axilla downwards and 
Inwards to the groin. It is in this situation that the mammary glands are usually developed 
in polymastic mammals, and in the great majority of cases of additional glands in the human 
subject they are found in a corresponding position and may be designated axillary, pectoral, 
abdominal, inguinal or vulval mammse. The supernumerary mammary structures are usually 
represented by the nipple only, but in some cases the glandular tissue is well developed and 
may be functionally active. Most of the cases of additional mammse appear, on one or both 
sides, just below and internal to the normal pair. The largest number of additional glands 
that has hitherto been recorded is eight. In this instance, which was described by Neugebaner 
in a woman aged twenty-three, there were three pairs of nipples above the normal 
ones, and one pair below. It is probable that in this case, as Boger Williams suggests, 
the two nipples below the normal pair did not represent a pair of glands, but single 
examples of two pairs, as the right one was some inches higher up than the left. If such 
be the case there were representatives of six pairs of glands in this woman. Ammon 
has described a case of three additional pairs of nipples in a man aged twenty-two 
years. One pair was placed above the normal nipples on the anterior folds of the axillae, 
another near the lower margin of the chest wall, and the lowest on the anterior wall 
of the abdomen above the level of the umbilicus. Bardeleben concludes from his most 
recent investigations that the normal pair of glands represents a persistence of the sixth pair 
counting from above downwards. Various cases of mammary glands appearing in the axilla 
during pregnancy have been regarded as examples of excessive development of the cutaneous 
glands of that region, or of a more or less complete separation of that process of the normal 
gland which extends into the axilla. A few cases have been recorded of mammary glands 
(mammtB erratictp) being found over the acromion process, on the upper part of the th^h, or 
even on the back. Sometimes two or more nipples occur on one gland. 

Milk. — The milk is characterized by containing an immense number of fat-globules o% 
varying size but averaging from ^^^th to g^j^th of an inch in diameter. They appear to be 
coated with an exceedingly thin investment of albuminous substance, probably casein, which 
prevents them from running together into larger drops, but when this is dissolved by the 
addition of an acid, they readily blend with one another. Rarely there is a more distinct 

Fig. 300. — CoNSTiiuxNTS OF THE coLOSTRUif. (Hcidenhain.) 

a, h, colostram-corpuscles with fine and coarse fat globules respectiyely ; 
c, d, e, pale cells deyoid of fat globules. 

envelope of granular substance, occasionally containing a nucleus, 
and free nuclei have also been described as existing to a small extent 
in the milk. 

The mammary gland before and during the first two or three days after parturition yields 
a small amount of a turbid fluid termed the colostrum. This contains besides milk-globules 
single and in groups, amoeboid cells, containing small or large fat-globules, either closely 
packed within the cell, or but few in number, and sometimes absent altogether : in the latter 
case permitting the nucleus to be visible (fig. 300). These amoeboid cells are known as the 
*' colostrum-corpuscles " ('* granular corpuscles'* of Donn^) : they occur either not at all or but 
very rarely, when the gland is in full activity. It is uncertain whether they originate as 
separated epithelium cells of the alveoli, or whether they are emigrated white corpuscles. 

Development of the Mammary Oland. — The first sign of the gland shows itself at 
the end of the second month in the human embryo in the shape of a thickening and 
downgrowth of the rete mucosum of the epidermis at the site of the future nipple. The 
thickening spreads laterally so as to correspond with a small area (mammary area) 
which soon becomes sunk below the general surface. From the thickened rete mucosum of 
this area special outgrowths of the epithelium into the cutis vera occur, one for each of the 
lobes of the future gland. These outgrowths, as with other racemose glands, become branched, 
and their branches end in enlargements. The formation of these sprouts goes on until birth, 
but the development of glandular alveoli from them does not occur until the approach of 
puberty in the female, and in the male not at all. The projection of the nipple from the rest 
of the mammary area does not begin until about the first year after birth ; within it a large 
amount of plain muscular tissue becomes formed. The remainder of the mammary area 
becomes the areola. 

The subsequent growth of the gland is comparatively tardy. At the third or fourth year 
of infancy, there is little or no difference in male and female ehildren. The fuller develop- 
ment of tiie gland in the female occurs only towards puberty. It is probable that during the 
later period of pregnancy, not only do the alveoli increase in size, but new alveoli may bud 
laterally from the pre-existing ones, and that after lactation some of the alveoli may become 
atrophied and disappear. 

u 2 
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THE DUCTLESS GLANDS. 

By E. A. SCHAFBR and J. SYMINGTON. 



The remaining organs to be described all belong to the class of bodies known as 
ductless glands. Some of these, such as the lymphatic glands, have been described 
in the General Anatomy (Vol. I., Pt. 2) ; others, such as the solitary and agminated 
glands, the pituitary body and the pineal gland, with the viscera to which they are 
structurally connected. There remain to be noticed here the spUen, the suprarenal 
capsules, the thymus gland, the thyroid hody with the parathyroids, and the small 
vascular nodules termed carotid and coccygeal glands. 



THIS SPLEEN. 

The spleen (figs. 301 and 304) is a soft, highly vascular and easily distensible 

organ of a dark purplish colour. It is placed obliquely behind the stomach, its upper 

and inner end being in the posterior part of the epigastric region, while the lower, 

outer and larger portion is in the left hypochondrium. Its long axis, which on an 




Fig. 301. — H0RIZONTA.L SECTION OP THE ABUOMKII OP AN ADULT MALR AT THR LEVEL OP THE LOWER 
BORDER OP THE BODY OP THE TWELFTH DORSAL VERTEBRA, SEEN PROM ABOVE. NSARLT }. (J. S.) 

Zj/jT, left kidney ; d.d^ diaphragm ; i.c, left suprarcDal capsule ; S. T, splenic vein ; St, stomach ; 
G.S.Oj gastro-splenic omentam ; L.S, lesser sac of the peritoneum. 

average measures five to six inches, nearly corresponds with that of the lower ribs, 
and the organ usually extends from the level of the eighth rib above to the eleventh 
below. It is the largest of the ductless glands. 

Surfaces and borders. — When hardened in situ the spleen has, according to 
Cunningham, the shape of an irregular tetrahedron, with its apex above and its base 
below. Its four surfaces are termed phrenic, renal, gastric, and basal. Of these the 
phrenic is large and convex, and lies against the diaphragm. In the greater part of 
its extent it looks upwards, backwards, and to the left, but near its upper end some- 
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what inwards. It is separated from the eighth, ninth, tenth, and eleventh ribs not 
only by the peritoneum and the diaphragm, but also in part of its extent by the left 
pleura and lung. The left lobe of the liver is occasionally found to extend back- 
wards and to the left between the upper part of the phrenic surface and the 
diaphragm. The re)ial surface is generally flat, and narrower than the gastric, and 
does not reach so high as either the gastric or phrenic surfaces. Above, it generally 
touches the suprarenal capsule, and in the rest of its extent is in relation with the 
outer aspect of the left kidney. It looks inwards and downwards. The gastric 
surface is concave, and looks forwards and inwards. In the great part of its extent 




Fig. 302. — VllW OF THB ABDOlflMAL VISCERA FROM BEHIND, AFTER REMOVAL OF THE SPINAL OOLUXH, 
THE WHOLE OF THB POSTERIOR WALL OF THB ABDOMEN AND THB KIDNEYS AND SUPRARENAL 

CAPSULES, THB PERITONEUM BEINQ LEFT (thls and the noxt figure are taken from Prof. His* 
models). \ 

P, pancreas ; P^, its head ; d, duodenum ; st, stomach ; spt^ spleen ; Jt.L., right lobe of the liver ; 
L.S.f Spigelian lobe ; r.c.t., vena cava iDferior ; p.r., portal vein ; 6, common bile duct ; t.r., impres- 
sion for the right kidney on the posterior surf ice of the liver ; the situation of the two kidneys is well 
shown by the corresponding impressions in the cast; asc, col., desc. co^., ascending and descending 
colon ; ptt back of the peritoneum ; m, line of attachment of the mesentery ; VIII, IX, X, XI, the 
corresponding ribs ; il, ilium. 



it lies against the posterior surface of the stomach, but towards its lower end it 
touches the tail of the pancreas. This surface presents, parallel with and near its 
inner border (see fig. 304), a long fissure, or, more frequently, a series of depressions, 
termed the hilum, throngh which the vessels and nerves enter the spleen, and around 
which the peritoneum is reflected from the surface of the organ. The upper and 
inner extremity of the spleen is directed inwards, and reaches to within about an 
inch of the left side of the vertebral column, usually opposite the body of the eleventh 
dorsal vertebra. The lower and outer end is blunt, and presents a triangular area, 
which may be termed the basal surfaca (Cunningham). It lies against the tail of 
the pancreas, the splenic flexure of the colon and the costo-colic ligaments. Of 
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the borders of the spleen the anterior, situated between the gastric and phrenic 
surfaces, is the most prominent, and is usually marked near its lower end by one or 
two notches. Traced from its inner end, it is seen to curve outwards with the 
convexity of the curve upwards. This part of the anterior border reaches forwards 
and upwards between the diaphragm and the stomach nearly as high as the fundus of 
the stomach. Towards the left side this border turns downwards and somewhat 
forwards, being in close contact with the chest wall near the mid-axillary line and 
opposite the eighth, ninth, and tenth ribs. It generally terminates in a prominent 
angle. The inner border lies slightly internal to the hilum, and separates the gastric 
and renal surfaces. The posterior border is between the renal and phrenic surfaces. 
In some cases it is very well marked, dipping slightly inwards between the diaphragm 




Fig. 303. — ThB PANORKAd AND ADJOIRINO VISCERA FROM BR70RE. \ 

The liver, the stomach, the greater part of the amall intestine, and the t!'ansTer8e colon have been 
removed. P, pancreas ; d, duodenum ; d.j,^ duodeno- jejunal flexure ; above the duodenum, and 
between it and the head of the pancreas are seen the bile duct, portal vein, and hepatic artery ; cue. 
coL.f desc. col,^ ascending and descending colon ; «p/., spleen ; r.k,^ l,h,^ right and left kidneys ; «.r., 
f.r', right and left suprarenal capsules ; pt^ peritoneum at the back of the abdominal cavity ; m, line 
of reflection of the mesenterj ; the line of reflection of the transverse mesocolon is seen along the lover 
edge of the pancreas and crossing the duodenum. 



and the kidney. It is inclined downwards and outwards opposite the lower border 
of the eleventh rib. A loiver border separates the phrenic and basal surfaces. 

Belation to peritoneum. — The spleen is almost entirely covered by peri- 
toneum which is firmly connected with its capsule. It also gives attachment to two 
peritoneal folds — the gastro-splenic omentum and the lieno-renal ligament. The 
gastro-splenic omentum consists of two layers of peritoneum, which pass from the 
front of the hilum of the spleen forwards and outwards to the posterior surface of 
the stomach near its left border. If the outer of these layers be traced over the 
spleen it will be found to cover the gastric surface to the left of the hilum, the 
phrenic surface and the posterior part of the renal surface. It is then reflected on 
tx) the kidney, forming the posterior layer of the lieno-renal ligament. The inner 
layer of the gastro-splenic omentum is derived from the lesser sac, and is continued 
into the anterior layer of the lieno-renal ligament. Below, the two layers of the 
gastro-splenic omentum are continuous with the gastro-colio omentum. The 
splenic vessels pass to the spleen between the layers of the lieno-renal ligament. 
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The spleen varies in magnitade more than any other organ in the body ; and this 
not only in diflPerent subjects, but, as may be ascertained by percussion, in the same 
individual under different conditions. On this account it is difficult or impossible 
to state what are its ordinary weight and dimensions. In the adult it may vary in 
weight from 100 grammes to 300 grammes, the average being about 170 grammes ; 
it generally measures 120 to 130 mm. (five or six inches) in length, and the breadth 
of the phrenic surface is 70 to 80 mm. ; its volume varies enormously, but 
usually does not exceed 200 to 300 cub. cent. After the age of forty the average 
weight gradually diminishes. In intermittent and some other fevers the spleen is 
much enlarged, reaching below the ribs, and often weighing as much as 18 lbs. 
to 20 lbs. 

Accessory spleens. — Small detached roundish nodules are occasionally found in the 
neig-hbourhood of the spleen similar to it in substance. These are commonly named accessory 
or supplementary spleens {xpleiimdiy lienevli). One or two most commonly occur, but a greater 
number, and even up to twenty-three, have been met with. They are small rounded ma 




Fig. 304. — The spleen op an infant five days old, hardened in situ bt the ohloridb of 

ZINO METHOD. DrAWN FROM A MODEL PREPARED BT A. F. DiXON. 

G, gastric surface ; R, renal surface ; B, basal surface ; A, anterior border ; A.T, antero-internal 
or inner border; P.I, posterior or postero-intemal bonier; I.B.A, internal basic angle; A.B.A, 
anterior basic angle ; H, hilum. 

varyinpr from the size of a pea to that of a walnut. They are usually situated near the lower 
end of the spleen, either in the gastro-splenic omentum or in the great omentum. 

Spleen in the infSEint. — The spleen is relatively slightly larger in the new-bom chUd 
than in the adult, but the peculiarities in the infant are mainly due to the large size of the 
liver and suprarenal capsule. The under surface of the left lobe of the liver is normally in 
contact with it at birth, and, according to Ballantyne, the hepatic area of the spleen is larger 
than any of the other surfaces. The same observer suggests that the renal surface in the 
new-bom infant is more appropriately named the suprarenal, as this organ lies in contact 
with it and separates it in almost the whole of its extent from the kidney. 



BTRUOTURJB OF THS BPIiXSN. 

The spleeu has two membranous investments — a serous coat derived from the 
peritoneum, and dk fibrous coat {tunica propria). The soft substance {pulp) of the 
organ is supported by a reticular framework of fibrous and muscular bands 
{trahecula*). 

The serous coat is thin, smooth, and firmly adherent to the tunica propria 
beneath. It closely invests the surface of the organ, except at the places of its 
reflection to the stomach and diaphragm, and at the hilum. 

The tunica propria (fig. 805, a), much thicker and stronger than the serous 
coat, is whitish in colour and highly elastic. It is continuous with the trabecular 
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structure within. Along the hilum this coat is reflected into the interior of the 
spleen, in the form of large trabecute, supported and enclosed by which ran the 
blood-vessels and nerves ; so that these are ensheafched by prolongations of the 




Pig. 305. —Vertical skction op a small superficial portion ok the HtMAN spleen (from Kolliker). 

Magnified with a low power. 
A, peritoneal and fibrous covering ; 6, trabecule ; c c, Malpighian corpuscles, in one of which an 
pjtery is seen cut transversely, in the other longitudinally ; dy injected arterial twigs ; c^ »pleen-pulp. 

fibrous coat. These sheaths ramify with the vessels which they include, as far as 
their finer subdivisions, and are connected with numerous trabecular processes 
which pass into the interior from the whole inner surface of the fibrous coat. The 
arrangement of the sheaths and trabeculae may be easily displayed in the spleen of 




Fig. 306. — Thin skction op spleen-pulp, highly magnipixd, showing the mode of origin of a 

SMALL VEIN. (E.A.S.) 

v, the vein, filled with blood-corpuscles, which are in continuity with others, M, fiUing up the 
interstices of the retiform tissue of the pulp. At p the blood-corpuscles have been omitted from the 
figure, and the branched cells are better seen ; w, wall of the vein. The shaded bodies amongst the red 
blood-corpuscles are pale corpuscles. 

the OX by pressing and washing out the pulp from a thick section ; and then 
they are seen to form a close reticulation through the substance. Thus, the fibrous 
coat, the sheaths of the vessels, and the trabeculae, all of a highly elastic nature, 
constitute a distensible framework, which contains in its interstices or areolae the 
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red pulp. These fibrous structures are composed of interlaced bundles of areolar 
tissue containing a large amount of fine elastic tissue, and a few plain muscular 
fibre-cells. In the spleen of the pig, the dog, and the cat, and to a smaller extent 
in that of the ox and sheep, there is a far more abundant admixture of muscular 
tissue, and this tissue exhibits a regular rhythmic contractility (Roy). 

The pulp of the spleen is of a dark reddish-brown colour : when pressed out 
from between the trabeculaB it resembles grumous blood, and, like that, acquires a 
brighter hue on exposure to the air. In fact, what is thus pressed out from the 
dead spleen is mainly clotted blood. 

When a thin section which has been treated with dilute solution of potash 
is examined under the microscope the pulp is seen to be everywhere pervaded 




Fig. 307. — RiTiouLUX of splxxh pulp shown bt silvir-ohboxate ifXTHOD. Thb capillabibs of a 
Malpiohiah oobpusclb abb ALSO 8BBN. (Oppel.) 

1, Malpighian oorposcle ; 2, part of its reticulum ; 3, condensed reticulum around margin of 
corpuscle ; 4, more open tissue outside this ; 5, 6, connective tissue of artery ; 7, capillaries of 
Malpighian corpuscle ; 8, reticulum of pulp immediately investing arteriole. 

by a reticulum of fine fibres continuous with the tissue of the trabeculae. These 
fibres are in the natural condition covered over and concealed by branched con- 
nective-tissue corpuscles, which are of various forms and sizes ; in some parts little 
but the intercommunicating branches remaining, in other parts the cells being 
larger and flatter and in closer connection (fig. 30G, p). These corpuscles, which 
may be termed the reticular cells of the pulp, contain each a round or oval nucleus, 
like connective-tissue cells generally : and, in teased-out preparations of the fresh 
spleen substance it is not uncommon to find within them yellowish pigment 
granules of various sizes. In the young subject the nuclei of many of these cells 
have been noticed to be multipl?, or to be beset with prominences as if budding. 
The interstices between the sustentacular cells are, in sections of the hardened organ, 
always found to be occupied by blood (fig. 30G, bl), white corpuscles occurring iu 
rather larger proportion than in ordinary blood, especially in the neighbourhood of 
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the Malpighian corpuscles to be immediately described. In close relation to the 
branched or flattened cells of the pulp, and occupying some of the smaller interstices 
between them, rounded, unbranched cells are seen {spleen-cells), larger than white 
blood-corpuscles, bat otherwise much resembling them. These cells are amoeboid, 
and, like the fixed cells of the pulp, often contain both red blood corpuscles in 
various stages of disintegration, and clumps of pigment granules. Some observers 
have noted the presence of. nucleated red corpuscles (similar to those found in 
marrow) both in the splenic pulp and in the blood of the splenic vein. 

Bohm and v. Davidoff describe tubular spaces within the pulp of the human spleen, lined by 
a " rodded " epithelium like that in the convoluted tubes of the kidney, but they leave the 
nature of these spaces unelucidated. 

Blood-Tesselfl. — The splenic artery and vein, alike remarkable for their great 
proportionate size, having entered the spleen by six or more branches, ramify in its 
interior, enclosed within the trabecular sheaths already described. 

The smaller branches of the arteries have an adventitia derived from the 
trabcculse, and pass into the proper substance of the spleen, dividing into small 




Fig. 308. — Small artery from thb dog's spleen with Malpiohiah corpuscles attached. 

10 Diameters. (KSUiker.) 

tufts of arterioles arranged in pencils (fig. 3D8). But before they thus terminate, 
the adventitious fibrous coat which is prolonged over them from the trabecute 
becomes transformed into lymphoid tissue, which forms a comparatively thick sheath 
along each. This lymphoid sheath is abruptly dilated here and there into small 
oval or spheroidal enlargements, measunng on an average 0*36 mm. in diameter, but 
varying in size from much smaller than this up to 1 mm., and closely resembling 
the lymphoid follicles met with in the intestine and elsewhere. These lymphoid 
expansions may be seen on the surface of a fresh section of the organ as light- 
coloured spots scattered in the dark substance composing the pulp, and have been 
long noticed and described as the Malpighian corpuscles of the spleen (fig. 305, c c, 
fig. 308). In some cases the corpuscle is developed upon one side only of the arterial 
wall, upon which it then appears to be sessile ; whilst in other instances — and this 
is I he most frequent in the human subject — the expansion takes place all round the 
circumference of the vessel, by which it then appears to be pierced. In either case 
the artery sends olT radiating branches to be distributed in the Malpighian 
corpuscle. 
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As just stated, the Malpighian corpuscles are localisel expansions of the 
lymphoid tissue of which the external coat of the smaller arteries of the spleen is 
formed, and have apparently been produced by increased multiplication of lymph- 
cells at the spots in question. The reticulum of the tissue is comparatively open, 
being almost absent towards the centre of the corpuscle : at the confines it becomes 
closer ; there is, however, no distinct boundary separating it from the retiform 
tissue of the palp. The meshes are densely packed with lymphoid corpuscles, and 
the tissue is traversed by capillaries. 

The small arteries, after leaving the Malpighian corpuscles, terminate in capillary 
vessels, which soon lose their tubular character, the cells which compose their wall 
becoming partially separated from one another by elongated clefts ; those at the 
extremity of the capillary have branching processes and are united by these with 
the branched connective- tissue cells of the pulp. In this manner the blood can flow 
directly into the interstices of the pulp tissue. The veins, which form a network 
of intercommunicating spaces within the pulp, commence in the same manner as the 
capillaries terminate ; that is to say, the layer of flattened cells which lines and 
mainly composes their walls, on being traced back, loses its epithelioid character, 
and the cells, becoming thickened and spindle-shaped and their nuclei prominent, 
are found to be separated here and there from each other, and to be connected by 
processes with the cells of the pulp (fig. 306). The small veins take a different 
course from the arteries, for they soon pass to the trabeculse and are conducted upon 
and within these, freely joining and anastomosing ; whereas the arteries appear to 
have few or no anastomoses within the substance of the organ. 

The small veins within the pulp of the human spleen often exhibit peculiar 
transverse markings. These are produced by fine elastic fibres of the reticulum, 
which encircle the vessels. Structures which have been described as " ellipsoids," 
which are in fact condensations of the reticular tissue of the spleen pulp not loaded 
with leucocytes as in the Malpighian corpuscles, are often found encircling the 
terminations of the arterioles. They are stated by Miiller (bird) and Whiting (cat) 
to be surrounded by a special vascular sinus, but this is denied for the cat by Garlier. 

From the description above given, it would appear that the blood in passing 
through the spleen is brought into immediate relation with the elements of the pulp, 
and no doubt it undergoes important changes in the passage ; in this respect 
resembling the lymph as it passes through the lymphatic glands. Two modifica- 
tions which are probably effected in it may be here pointed out. In the firet place 
the lymphoid tissue ensheathing the arteries, together with that composing the 
Malpighian corpuscles, would appear like the same tissue in the lymphatic glands, 
and other parts, to be the seat of the production of pale blood corpuscles. At the 
circumference of this tissue, these may pass into the interstices of the pulp, and so 
into the blood. It is found, in fact, that the blood of the splenic vein is extremely 
rich in pale corpuscles. In the second place, red blood-coi^puscles may be taken up 
by the pulp-cells, their colouring matter being transformed into pigment. The 
splenic cells have, indeed, been noticed, when examined on the warm stage, to take 
red corpuscles into their interior. Finally, if it be the case that nucleated red 
corpuscles occur normally in the spleen, it is probably also a seat of formation of 
coloured blood corpuscles. 

The lymphaticfl of the spleen form two systems, a trabecular and 2^ perivascular. 
The vessels belonging to the former system run in the trabeculse and are in com- 
munication with a superficial network in the capsule. The perivascular lymphatics 
take origin in the interstices of the lymphoid tissue which ensheaths the smaller 
arteries, and which forms the Malpighian corpuscles ; they do not, therefore, at 
first form distinct vessels. When these are seen they commonly run in pairs, one 
on either side of an artery, uniting over it by frequent anastomoses, and sometimes 
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partially or wholly enclosing it. At the hilum the two sets of lymphatics join one 
another and proceed along with the main blood-vessels, and ultimately pass into 
lymphatic glands at the back of the abdomen. 

The nerres, derived from the solar plexus, surround and accompany the splenic 
artery and its branches. They are most probably distributed to the vessels and 
plain muscular tissue of the framework. 
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SUPBAILENAIi CAPSXTIiES. 

The suprarenal bodies or capsules (capsula atrahilarm seu retiPS succenturiati 
of old anatomists), also frequently termed "adrenals," are two flattened bodies, 
each of which surmounts the coiTcsponding kidney (fig. 809). They are both 

Fig. 309. — ^Front view of thb bight kidhbt and suprarbital bodt of a 
FULL GROWN FiXTUs. (AUen Thomson. ) 

This figure shows the lobulated form of the fcetal kidney, r ; r, the renal 
vein and artery ; u, the ureter ; «, the suprarenal capsule, the letter is 
placed near the sulcus in which the large veins (v') are seen emei-ging from 
the interior of the organ. 

situated in the epigastric region, one on each side of the 
vertebral column. They differ from one another in shape 
and also in their relations. The right capsnle has a 
flattened triangular form, one surface called anterior looks 
forwards and outwards, and the other, the posterior^ back- 
wards and inwards, while the angles are directed upwards, 
downwards and outwards. The anterior surface has a furrow, 
called the hilum, which passes horizontally a little below the 
upper border and vertically near the inner border. At the 
union of these two parts of the fissure the capsular vein emerges from the organ. 
The area above and internal to the fissure is depressed and forms about one-third 
of the anterior surface. The inner part of this area lies behind the inferior vena 
cava, and the upper part is in direct contact with the liver. The outer and larger 

Fig. 310. — Anterior surfacb of 

THIS SUPRARBNAL CAPSULES, 
MODIFIED FROJC ROLLRSTON. 

(J. S.) 

A, right capsule, t, r, t, its supe- 
rior, external and inferior angles ; 

a, area in direct contact with liver ; 

b, area behind inferior vena cava ; 

c, area, below and external to the 
fissure, covered by the peritoneum 
and the liver except near the inferior 
angle where it comes in contact with 
the duodenum ; <i, fissure on ante- 
rior surface ; /, vein, 

B, left capsule, s, its superior 
angle ; d, fissure on anterior sui - 
face ; /, vein ; Z. H, left renal vein : 
L,S, left spermatic vein. 

portion of the anterior surface is covered by the peritoneum, which separates it 
from the liver, except a small area near the inferior angle, which sometimes lies 
against the duodenum. The posterior surface also has a depression dividing it 
into two parts, one of these, the upper and larger, lies against the diaphragm, and 
is bounded below by an elevation projecting into the groove between that muBcle 
and the kidney ; the lower and smaller ai'ea is in contact with the kidney. 

The left suprarenal capsule is slightly larger than the right. It does not 
project so much above its corresponding kidney, but is prolonged downwards along 
the upper half of its inner border. Looked at from the front, its outline is 
crescentic, the concavity of the crescent being directed downwards and outwards 
towards the kidney. The anterior surface lies in contact with the upper end of the 
renal surface of the spleen and the stomach near its cardiac orifice, while its lower 
half is crossed by the pancreas and the splenic vessels. It has a groove passing 
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downwards and forwards, at the lower end of which the suprarenal vein emerges. 
The posterior surface is divided into two parts by a prominent vertical ridge, the 

Fig. 311. — Section of thb suprarxital body. (Allen Thomson.) 

A vertical section of the suprarenal body of a foetus, twice the natural size, showing 
the lower notch by which it rests on the summit of the kidney (r), and the anterior 
notch by which the suprarenal vein (v) issues, together with the distinction between 
the medollary and cortical substance. 

area mesial to the ridge looking inwards and backwards and resting 
upon the left crus of the diaphragm and the lateral area outwards as 
well as backwards against the kidney.^ 

The suprarenal capsules measure from Ij in. to 2| in. (30 mm. 
to 60 mm.) from above downwards and about 1 J in. (30 mm.) from 
side to side ; their thickness is from ^th in. to I in. (4 mm. to 6 mm.), 
the left being usually thicker than the right. The weight of each in the adult 
is about 1 drachm (4 grammes), the left being slightly the heavier. They are 
nearly as large at birth as in adult life. 

Structure. — Besides a covering of areolar tissue mixed frequently with much 






Figl 312. — VlRTICAL 8ECTI0II OF SUPRARENAL BODT : HUMAN. MaONIPIED. (Eberth.) 

*"" r 1» cortical substance ; 2, medullary substance : a, capsule ; 6, zona glomerulosa ; c, sona faacicaUta ; 
d, zona reticularis ; e, groups of medullary cells ; /, section of a large vein. 

Fig. 313.— Section of the cortex of the doo*s suprarenal. (Bohm and v. Davidoff.) 
Of fibrous covering ; b, zona glomerulosa ; c, zona fasciculata ; d. zona reticularis. 



' The above description is based Urgely upon the account of these organs given by H. D. BoUcston 
(Journal of Anatomy and Physiology, vol xxvi.). 
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fat, the saprarenal capsules have a thin fibrons investment. On the exterior their colour 
is yellowish or brownish-yellow. When cut into (fig. 311) they are seen to consist 
of two substances : one, external or cortical^ of a deep yellow colour, firm and 
striated, and forming the principal mass of the organ ; the other, internal or 
medullar y^ in the adult of a dark brownish-black hue, and so soft and pulpy that 
some anatomists have erroneously described a cavity within it. 

The flbroiui coat (figs. 312, 813, a), which is distinguishable into an outer 
looser and an inner firmer part, is so intimately connected with the deeper parts 
that it cannot be removed without lacerating the subjacent structure. Its deeper 
layers contain plain muscular cells, at least in some animals : it is continuous with 
the septa which enter into the formation of the substance of the organ. 

The cortical part of the suprarenal body, examined in a section with a low magni- 
fying power (fig. 312, 1 ; fig. 313), is seen to consist of a fibrous stroma, in which are 
embedded column-like, intercommunicating groups of cells (c). The groups measure 
on an average ^^th inch ('036 mm.) in diameter, and are arranged vertically to the 
surface of the organ. In the deepest part of the cortex, however, the colour is darker, 
and the columnar arrangement is lost, the stroma being more equally distributed (d) : 
and immediately beneath the fibrous coat there is another narrow zone in which the 
stroma encloses what in section look like rounded or oval spaces occupied by groups 
of cells, which are really the outer ends of the columnar groups above mentioned {h). 
These inner and outer layers have been named respectively zaiia reticularis and zona 
glonierulosa, and the term zona fasckulata is applied to the main part {c) ; but the 
transition from one of these parts to another is in man not sudden nor indicated by 
any sharp line oJ' demarcation. 

The cells which form the groups and columns of the cortical substance are 





Fig. 314. — Cells and cELL-oaorps from the outermost layer of the cortical substance of the 

SUPRARENAL BODT. HlOHLT MAONIFIED. (Eberth. ) 
Fig. 315. — A SMALL portion OF the medullary part OF THE SUPRARENAL CAPSULE OK THE OX 

(Eberth.) Highly magnified. 

polyhedral in form (fig. 314) : their protoplasm is finely reticular, and not 
unfrequently contains yellowish oil globules. The cells vary from '0125 mm. to 
•02 mm. in diameter. 

In some animals (horse, dog, cat), the spaces of the zona glomerulosa are occupied 
by regularly arranged long columnar cells, set around a sort of lumen, and looking 
not unlike part of a glandular tube (fig. 313, h). In man, however, most of the cells 
of this part are polyhedral, like those of the other zones. 

The medullary part (fig. 312, 2) of the suprarenal capsule is marked off from 
the cortical part by a layer of loose connective tissue. In the thinner parts of the 
adult organ there is no medullary part, and the layer of connective tissue referred 
to is found separating the deep surfaces of two opposed portions of the cortical part ; 
but in the young state the distinction of cortical and medullary portions probably 
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extends throoghoat the whole gland. The medullary part is pervaded by large 
venons capillaries, which receive the whole of the blood which has passed through 
the organ. These venous capillaries are supported by the fibrous stroma, which 
also contains, especially in man, a number of bundles of plain muscular cells 
disposed parallel to the course of the larger veins, and forming a complete invest- 
ment to the issuing suprarenal vein (v. Brunn). The general arrangement of the 
stroma is reticular ; in its meshes are enclosed groups of cells (fig. 315), which diifer 
from those of the cortex in being more in'egular in form, larger in size, of a clearer 
aspect, and destitute of oil-globules. They are frequently highly vacuolated. 
Moreover they become stained of a deep brown colour by solutions of bichromate 
of potash, whereas the cortical cells are but slightly tinged by that re-agent. 

In some animalw the medaUaxy cells contain a large amount of reddish-brown pigment, 
which marks the medoUa off sharply from the cortex, bat this is not generally the case in the 
human subject, the deep colour of the medulla being chiefly due to the blood within its 
numerous vessels. 

Vajrietles. — One or both capsules may be absent, although this is very rarely the case. 
Accessory suprarenal capsules are occasionally met with varying in size from a pin's 
head to that of a large pea. The smaller ones have no medullary substance, but the large ones 
possess a medulla (Rolleston). The accessory capsules are generally found near or upon the 
capsule itself and united to it by connective tissue. Sometimes they are partially embedded 
in the kidney or liver, and Marohant has found them in the broad ligament of the uterus, 
and Schmorl on the si)ermatic vessels near the inguinal canal. 

Arteries and veins. — The suprarenal bodies receive arteries from three 
sources, viz., from the (zorta^ the phrenic and the renal arteries. All these arteries 
break up into small branches before entering the capsule. The veins, which pass out 
from the centre, are usually united into one for each organ. The right vein enters 
the inferior vena cava immediately, while the left, after a longer course, terminates 
in the left renal veiu. 

The small arteries, entering from the surface, run in the septa parallel to the 
columns, frequently anastomosing together, and surrounding each group of cells 
with a fine capillary network. From these capillaries the blood is continued 
into the medulla, where it is collected into the large venous capillanes already 
mentioned. The chief efferent vein emerges at the hilnm. According to 
Pfanndler, none of the vessels of the suprarenals have any coat other than the 
endothelium. 

Xymphatica run in the trabecnlae of the cortical substance and are connected 
with cleft-like spaces between the trabeculse and the cell-columns, and even with fine 
clefts between the cells within the columns (Klein). They communicate with 
efferent valved lymphatics both in the fibrous coat and in the medulla, where they 
are very numerous, forming an especially close plexus around the central vein. 

Verves. — The nerves, which are exceedingly numerous, are derived from the 
solar plexus of the sympathetic and from the renal plexuses. According to 
Bei^mann some filaments come from the phrenic and pneumo-gastric nerves. They 
are made up mainly of medullated fibres of different sizes, and they have many small 
ganglia upon them before entering the organ. The nerves are especially numerous 
on the lower half and inner border. They ramify between the cells of the cortex, 
where they are especially abundant in the zona glomerulosa. In the medulla they 
are connected with numerous small ganglion-cells, and are distributed to the blood- 
vessels and amongst the glandular cells. 

Pnnction. — Removal of the suprarenal bodies in animals is speedily followed by symptoms 
of extreme muscular prostration and, within a very few days, by death (Brown-S^uard, 
1856). Disease of the organs is usually accompanied by the appearance of bronzed patches on 
various parts of the skin and mucous membranes (Addison, 1855), and the symptoms in ad- 
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vanoed disease are similar to those restUtisg from removal. The watery extract of the mednUa 
of the capsules contains a (non-proteid) substance which produces when injected even in 
minute quantities into the blood-vessels of an animal, a great angfmentation of the contraction 
of the muscular tissue of the heart and arteries, and prolongs the contractions of the skeletal 
muscles (Oliver and Schafer, 1894). 
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THE TUYMUS GLAND. 

The thymus gland or body is a temporary organ which reaches its greatest size 
at about the end of the second year of life, after which period it ceases to grow, 
and is gradually reduced to a mere vestige. Its function is not fully understood, 
although it is probable that it is in some way connected with the elaboration of the 
blood in infancy. When examined in its mature state in an infant under two years 
of age, it appears as a narrow elongated glandular-looking body, situated partly in 
the thorax, and partly in the lower region of the neck (fig. 316) : below, it lies in 




Fig. 316. — The thtmus in a ohilp ov six months. (Sappey.) 

A. Sitaation, form and relations of the gland. 1, right lobe ; 2, left lobe ; 3, median furrow ; 4, 
lung, somewhat everted ; 6, internal mammary vein ; 6, thyroid bwly ; 7, inferior, 8, middle thyroid veins ; 
9, common carotid artery ; 10, internal jugular vein ; 11, pneumo-gastric nerve. B. Right lobe of the 
thymus after removal of its envelope ; 1, its apex ; 2, its base ; 3, thin outer border ; 4, thick inner 
border. C. The gland unravelled, showing the lobules, 3, grouped around a central cord ; 4, the central 
cord or strand of connective tissue, connecting the lobules. 

the superior and anterior mediastinal spaces close behind the sternum as far down 
as the fourth rib-cartilage, and in front of the great vessels and pericardium ; above, 
it extends upwards upon the trachea in the neck as high as the lower border of the 
thyroid body, being covered by the sterno-hyoid and stemo-thyroid muscles. Its 
colour is greyish, with a pinkish tinge ; its consistence soft and pulpy, and its 
surface appears distinctly lobulated. It consists of two lateral lobes, which touch 
each other along the middle line, and are of a nearly symmetrical long pyramidal 
form, though generally unequal in size, sometimes the left, and at other times the 
right lobe being the larger of the two. An intermediate lobe often exists between the 
cwo lateral ones, and occasionally the whole body forms a single mass. 

X 2 
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Externally the gland is in contact with the pleura, near the internal mammary 
artery, and higher up (in the neck), with the sheath of the carotid artery. The 
dimensions of the thymus vary according to its stage of development. At birth it 
measures rather more than two inches (60 mm.) in length, an inch and a half 
(87 mm.) in width at its lower part, and about one quarter or one third of an inch 
(6 — 8 mm.) in thickness. Its weight at this period was found by Testut, on an 
average of twenty cases, to be 6 grammes. 

At puberty the thymus is generally reduced to a mere vestige which has entirely lost its 
original structure, and consists of brownish tissue occupying part of the superior mediastinum. 
Occasionally it is still found in good condition at the twentieth year ; but generally only 
traces of it remain at that time, and these are rarely discoverable beyond the twenty-fifth or 
thirtieth year. 

Stmctnre. — The lateral lobes of the thymus gland are each invested by a thin 
capsule of areolar tissue, which sends partitions into the gland between the lobules : 
on its outer surface the capsule is covered by a layer of flattened cells. Each lobe 




Fig. 317. — ^From a sbctioh of thk thymus of a child. (E. A. S.) 

c, cortex of a lobnle partly separated into nodules by the trabesula, tr. ; h, b, blood-Teasels and 
e, Cf connective tissue corpuscles in the medulla. 

consists of numerous polyhedral lobuleSy connected by a more delicate intervening 
areolar tissue. These primary lobules are made up of a number of small nodules or 
follicles (fig. 317), one to two millimeters in diameter. Each follicle is composed 
of a central part or medulla^ and an external larger part or cortex. The cortex is 
in many respects similar in structure to an ordinary lymphoid follicle, such as 
those of the tonsils or of Peyer's patches in the intestine : consisting, hke these, of 
retiform tissue composed of a fine reticulum of fibres, the meshes being filled with 
lymphoid cells {thymus corpuscles). At the surface of the follicle the retiform tissue 
is somewhat closer, so as to form a species of capsule for it. In some animals these 
capsules completely enclose the follicles, but in others, including man, several follicles 
may be united towards the centre of the lobule (see fig. 317), which is then com- 
monly of softer consistence than the other parts, and apt to break down if not 
perfectly fresh, so as to give the deceptive appearance of a centi*al cavity. 

In the medulla, the retiform tissue is coarser and the lymphoid cells fewer ; but 
it contains here and there nests of cells which have a concentric structure, and are 
known as the concentric corpuscles of HassalL They vary in size from 0*025 mm. to 
three times that diameter, or more ; the larger ones (compound corpuscles) often 
contain smaller ones in their interior (fig. 318). 
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Each nest is composed of an envelope of keratinized epithelium-like cells enclosing 
a central mass, formed of one or more granular cells. Cells like those in the centre 
of the nest are also found, unenclosed, in the retiform tissue of the follicle, and 
occasionally attain a large size (giant-cells). The concentric corpuscles are vestiges of 
the original epithelial tube which is found in the developing thymus (see Vol. I., Pt. 1, 

Fig. 318. — Part of thb medulla op a thtxcs gland showing thk reti- 

CrLUM, THE lymphoid CELLS OR THYMUS CORPUSCLES AND TWO CONCEK- 

TRIO CORPUSCLES. (Cadiat.) 

p. 111). According to some authorities the thymus corpuscles 
are also of epithelial {ie., hypoblastic) origin, and are not derived 
as has usually been believed, from the smTounding mesoblastic 
tissue. Small portions of thymus tissue are constantly found, 
according to Kohn, in association with the thyroid and para- 
thyroids. SchaflTer describes in the thymus nucleated red blood 
corpuscles Uke those met with in bone-marrow. 

The retrogressive development of the gland is accompanied by an increase in the 
interstitial connective tissue, which also invades the follicles. In this tissue plasma- 
cells become accumulated, and then appear to be eventually transformed into fat- 
cells, the normal structure of the thymus becoming gradually obliterated. It has 
been shown, however, by Waldeyer, that even in advanced age not only can the 
original shape of the thymus be distinctly made out, but that in addition there are 
constantly to be found traces of its original structure in the form of small masses 
of thymus corpuscles and even of concentric corpuscles. 

Yesaehi and Verves. — The arteries of the thymus are derived from various 
sources, viz., from the internal mammary, the inferior and superior thyroid^ the 
subclavian and carotid arteries. Their branches penetrate to the follicles, where 
they form a plexus which surrounds the cortex and from which capillaries converge 
towards the medulla. In some animals these veEsels loop back towards the cortex, 
but in others they open into an inner vascular circle which lies just within the 
boundary of the medulla. The veins, for the most part, open into the left 
innominate vein. 

The lymphatics are large. According to the observations of His on the calf, the 
larger blood-vessels passing to the centre are each accompanied by two or more 
lymphatic trunks. These arise from an interlobular plexus, which again is in 
connection with vessels which surround and enclose the individual follicles without 
penetrating them (as in those of the intestine). 

The nerves are very minute. Haller thought that they were partly derived from 
the phrenic nerves, but according to Cooper, no filaments from these nerves go into 
the gland, although they reach the investing capsule, as does also a branch from the 
descendens nypoglossi. Small filaments, derived from the jmeumo-gastric and sympa- 
thetic nerves, descend, on the thyroid body, to the upper part of the thymus. 
Sympathetic nerves also reach the gland along its various arteries. 
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The thyroid body is a highly vascular organ consisting of two lateral iohes generally 
united towards their lower ends by a transverse portion named the isthmus. Viewed 
as a whole it is convex on its external and anterior aspects forming a rouaded pro- 
jection upon the trachea and larynx. It is covered by the stemo-hyoid, omo-hyoid, 
and stemo-thyroid muscles, the last-mentioned being in close contact with the 
lateral lobes. The sterno-cleido-mastoid muscles also overlap it. Its deep surface is 
concave where it rests gainst the trachea and larynx, and external to these structures 
and the recurrent laryngeal nerves its lateral lobes extend backwards to the sides of 
the pharynx and oesophagus. In consequence of the deviation of the oesophagus to 
the left side the lower end of the left lateral lobe lies slightly in front of that; struc- 
ture. The lateral lobes also pass outwards in front of the common carotid arteries, 
the carotid sheaths intervening. Each lateral lobe is somewhat conical in form with 
the apex upwards, and extends from the fifth or sixth ring of the trachea to the side 
of the thyroid cartilage of which it covers the inferior cornu and adjacent portion of 





Pig. 319. — Horizontal section of trachba, ossuphaqus, and thyroid body. (J. S.) 

1, cesophagns ; 2, cavity of trachea ; 3, cartilaginous ring of trachea ; 4, thyroid body; 5, inferior 
thyroid artery ; 6, recurrent laryngeal nerve. 



Pig. 320. — Sketch showing the form and position of the thyroid body. 

half the natural size. 



(Allen Thomson.) One 



The larynx and surrounding parts are viewed from before ; on the right side the muscles covering 
the thyroid body are retained, on the left side they are removed ; h^ hyoid bone ; th^ right thyro-hyoid 
muscle ; o k, omo-hyoid ; sh, sterno-hyoid ; sty sterno-thyroid ; o, crico*thyroid membrane ; tr, trachea ; 
0^ cesophagus ; £, right lobe of the thyroid body ; t', the left lobe ; t, the isthmus ; U^ the fibrous or 
muscular band termed levator thyroideae, which is more rarely found in the middle line or to the right 
side, and which existed in the pase from which the figure was taken. 

the ala. The transverse portion or isthmus commonly lies across the second, third 
and fourth rings of the trachea, but is very inconstant in size, shape, and position. 
From the upper part of the isthmus or from the adjacent portions of one of the lobes 
a slender conical process called the pyramid or middle lobe often proceeds upwards to 
the hyoid bone to which it is attached by fibrous or muscular tissue (fig. 316). The 
thyroid gland is connected to th^ trachea and larynx by fibrous tissue so that it 
follows the movements of these organs. In front the pretracheal fascia extends 
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from the isthmus and adjacent portions of the lateral lobes upwards to the front of 
the cricoid cartilage and the lower border of the thyroid cartilage, forming a some- 
what indistinct anterior ligament of the gland. Further, each lateral lobe is attached 
bj a firm band of fibrous tissue, the lateral ligament^ to the side of the cricoid 
cartilage and the first two or three rings of the trachea. 

Siie, weight, and colour. — Each lateral lobe measures about two inches 
(50 mm.) in length, an inch and a quarter (30 mm.) in breadth, and three quarters 
of an inch (18 mm.) in thickness at its largest part which is below its middle ; 
the right lobe is usually a little wider and longer than the left. The isthmus 
measures nearly half an inch (12 mm.) in breadth and from a quarter to three 
quarters of an inch in depth. 

The weight of the thyroid body is ordinarily rather more than an ounce (30 to 
40 g.). It is generally larger in females than in males, and appears in many of the 
former to undergo a periodic increase about the time of menstruation. It varies 
a good deal in size and occasionally undergoes enormous enlargement. 

Its colour is usually of a dusky bro\^^lish red, but sometimes of a yellowish hue. 






Pig. 821. — A THTROIP aLAND SHOWING BIFURCATION OP THK LOWER END 07 PTRAVID PROCESS, OVB 

PART ooiMo TO BACH LATERAL LOBE. (After C. P. Marshall.) 

Fig. 322.— A THYROID OLAHD WITH PYRAMIDAL PROCESS ATTACHED TO LEFT LOBE OF OLAVD, I8THXU8 

ABSENT. (After C. P. Marshall. ) 

Fig. 323. — A THYROID OLAKD, WITH BOTH PYRAMIDAL PROCESS AMD ISTHMUS ABSENT. (After C. P 

Marshall. ) 

Varieties. — As a rule the two lateral lobes are approximately equally well developed, but 
oocasionally they are very unequal in size and in rare ca^es one lateral lobe may be entirely 
absent. The isthmus varies greatly in size and not unf requently it is absent or fused with 
one or other of the lateral lobes. Observers differ considerably as to the frequency with 
which a pyramidal process occurs. Thus Streckeisen met with it in 104 out of 153 cases, or 
nearly 68 per cent., while Marshall only found it in 24 out of 60 cases, or 40 per cent. It is 
usually attached below to the isthmus on the left side of the median plane, but it may join 
one of the lateral lobes, and above it is connected with the hyoid bone. Out of the 104 
specimens in which the pyramidal process was present 55 were glandular up to the hyoid 
bone, in 12 the process was connected to that bone by fibrous tissue, and in 2 by muscle. The 
muscular fasciculi which are occasionally found to descend from the hyoid bone to the thyroid 
gland or its pyramidal process are known as the levator glanduUe thyroideip (fig. 320). The fibres 
are most frequently derived from the thyro-hyoid muscle, but oocasionally they are independent. 
In one of MarshalFs cases there were two pyramidal processes, while in another a single 
process divided into two parts, one for each lateral lobe. Accessory thyroids may be formed 
by transverse division of the pyramidal process into several separate masses, more rarely they 
are found in relation with the lateral lobes. Small glandular masses, resembling in structure 
the thyroid, are also frequently found in front of and above the hyoid bone. 

Structure. — The texture of this organ is firm, and to the naked eye appears 
coarsely granular. It is invested by a thin transparent layer of dense areolar tissue 
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which connects it with the adjacent parts, and imperfectly separates its substance 
into small lobules of irregular form and size. 

When the organ is cut into, a yellow glairy fluid {colloid) escapes fi*om the cut 
surface. Imbedded in its substance are multitudes of closed vmcUs (fig. 824), which 
are held together in groups or imperfect lobules by areolar tissue. The size of the 
vesicles varies from *045 mm. to 1' mm., so as to be visible to the naked eye. They 
are spherical, polyhedral, or flattened in shape. The wall of each vesicle consists of 
a simple layer of cubical or columnar epithelium-cells which, according to Langen-^ 
dorff", are of two kinds, viz.: — those which are actually secreting the material of the* 
contents of the vesicles {colloid cells) and others {reserve cslls) which may take the 

Fig. 324. — SxoTioK of thk thyroid gland 

OP A CHILD. (E. A. S.) 

Two complete vesicles and portions of others 
are represented. The vesicles are filled with 
colloid which, in this case, also occupied the 
interstitial spaces. In the middle of one of 
the spaces a blood-vessel is seen cut obliquely, 
and close to it is a plasroa>cell. Between the 
cubical epithelium cells, smaller cells like 
lymph-corpuscles are seen here and there. 

place of some of the colloid cells 

which become detached or mingled 

with the secretion. Both Langen- 

dorflf and Hiirthle agree in stating 

that the secretion is formed partly 

by exudation from the cells an 

partly by the complete transformation of some of the cells into colloid substance. 

According to Baber there is no basement membrane to the vesicles. 

The vesicles may contain,, besides the characteristic yellow glairy fluid, detached 
epithelium-cells, white blood-corpuscles which seem to have migrated into the cavities, 
and also red blood-corpuscles in various stages of disintegration and decolourization, 
but whether these last are accidental or normal constituents is still undecided. 

In the interstitial connective tissue of the gland there occur a number of cells 
similar to the " plasma-cells " of Waldeyer (" parenchyma-cells," Baber). The spaces 
(areolae) of this tissue and the lymphatic vessels may be filled with the same colloid 
substance as that which occupies the vesicles. The blood-vessels and lymphatics are 
conducted to the vesicles in the interstitial tissue, but the lymphatic vessels do not come 
into such intimate relations with the walls of the vesicles as the blood-capillary net- 
work, the vessels of which are in close contact with the epithelium and may even 
project between the epithelium-cells. 

Occasionally small bodies detached from the main mass of the thyroid are found, 
having all the structure of the normal thyroid {cLCcessory thyroids). 

One of the most frequent pathological changes to which the thyroid body is 
subject consists in the accumulation within its vesicles of colloid substance : in 
certain forms of goitre it distends them to an enormous degree. Removal of the 
thyroid produces myxoedema. 

In the foetus, and during early infancy, this organ is relatively larger than in 
after-life ; its proportion to the weight of the body in the new-bom infant being 
I hat of 1 to 240 or 400, whilst at the end of three weeks it becomes only 1 to 1160, 
and in the adult 1 to 1800 (Krause). In advanced life the thyroid body is liable to 
become indurated, and frequently contains earthy deposit ; its vesicles also attain a 
veiy large size. 

Yeaaehi and nerves. — The arteries of the thyroid body are the superior and 
inferior thyroids of each side, to which is sometimes added a fifth vessel, the thyroidca 



814 THE DUCTLESS GLANDS. 

ima. The arteries are remarkable for their large relative size, and for their frequent 
and large anastomoses ; they terminate in a capillary network upon the outside of 
the vesicles. The veins, which are also large, ultimately form plexuses on the sur- 
face, from which a superior, middle, and inferior thyroid vein are formed on each 
side. The superior and middle thyroid veins open into the internal jugular ; the 
inferior veins issue from a plexus formed in frt)nt of the trachea, and open into the 
innominate veins. The lymphaticfl of the thyroid body form numerous and large 
anastomosing trunks, both at the surface of the organ and throughout its substance ; 
' they originate, according to the observations of Frey, in the connective tissue which 
unites the gland-vesicles, with the cavity of which they appear not to be in 
communication. Hiirtble has however by using intermittent pressure succeeded in 
causing injection-material to pass into the vesicles from the lymph-paths. The 
lymphatics may contain colloid substance, similar to that found within the vesicles 
(Baber). This appears to pass between the epithelium cells into the interstitial 
connective tissue and so into the lymphatics. 

The nerves are derived from the middle and inferior cervical ganglia of the 
sympathetic. They accompany the blood-vessels. According to Anderson there are 
no ganglion-cells in their course. Their branches extend close to the base of the 
epithelium cells. 



PARATH7BOIDS (GliANDUUE PARATHYKOIDBiB.) 

Under the name of parathyroids Sandstrom described (in 1880) a pair of small 
glandular masses, constant in occurrence in man and other mammals, and always 
lying in close proximity to the lateral lobes of the thyroid body (fig. 825, p, p') They 
vary in size from 3 mm. to 15 mm. in diameter, being on the average about 6 mm. 
They are usually flattened, and their colour is reddish-brown, somewhat like that of 
the thyroid itself. In structure, however, they diflfer from the thyroid proper, being 
composed not of hollow vesicles but of solid masses of epithelium-like cells (which 
sometimes appear in sections as if arranged in anastomosing columns) with numerous 
convoluted blood-vessels between them (fig 326). Connected with the cell-masses 
there are frequently lymph-follicles. They diflTer completely in structure from the 
normal thyroid and are not therefore to be confounded with the accessory thyroids 
which have just been mentioned. These bodies have undoubtedly been previously 
noticed (by Remak, Virchow, and others), but their importance, as shown by their 
constancy of occurrence, was not recognised nor were they systematically described. 
Since the appearance of Sandstrom's account, their structure was independently 
described by Baber (in 1881), and more recently several observers have directed their 
attention to these bodies. According to Gley they represent embryonic portions of 
the true thyroid, and if left after the removal of the latter, they are able to develop 
further and to take on the functions of the main organ, and it is thus he accounts 
for the failure to obtain in some animals the usual eifects of thyroidectomy. It is 
however denied by Edmunds that they develop into thyroid tissue proper under these 
circumstances, although they appear as stated by Gley to undergo hypertrophy if left 
after removal of the thyroid, and to act to some extent vicariously for it. 

Kohn, who has made a careful investigation of the structure of these bodies and 
their relations to the main part of the thyroid, states that there is one parathyroid 
("outer epithelial body") constantly to be met with in mammals on the lateral 
surface of each lateral lobe of the thyroid and another on the mesial surface of each 
lateral lobe (" inner epithelial body") (see fig. 325, /?, p'). Associated in position 
with these bodies there is, at least in some animals, almost constantly to be met 
with a small mass of '* adenoid " tissue, which has all the structural characteristics of 
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thjmiis tis3ne, inclading the well-known epithelial nests (concentric corpuscles), and 
which tends to blend insensibly with the neighbooring interstitial tissue of the thyroid 
(fig. 325, b). According to Prenant, again, the tissue of the parathyroids is similar in 
general structure and appearance to that of the carotid glands, and is not embryonic 
thyroid tissue. This author states that it takes origin from the fourth inner branchial 
cleft of the embryo, from which also part of the thymus and the lateral rudiments 
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Pig. 325. — Transvbrsb section of thb lept lobe op thb thtroid of a two-months kitten. (Kohn. ) ^ 
a, thyroid tissue ; b, b, thymus tissue ; p, p\ inner and oater parathyroid bodies. 

Fig. 326. — Part of the outer parathyroid represented in the preoediko figure, more hiqhlt 

MAGNIFIED. (Kohn.) *^^ 

The figure shows the columns of epithelium-like cells with interrening vascular septa of which the 
parathyroid is composed, m, m, cells uadergoing mitotic division. 

of the thyroid are derived (de Meuron, see Vol. I,, Part 1, p. Ill), whereas the 
main part of the thymus and the carotid gland are derived from the third cleft. 
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THE CAROTID AND COCC7GEAL QliAlTDa 
The carotid glands (glandulm caroiicm) are small bodies situated jast above 
the bifurcation of the common carotid artery on each side, and between its internal 
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Fig. 327.— Srotion nxar thb bifurcation op thb common carotid artert, passino through thh 
CAROTID QLAND. (Marchaod.) Somewhat magnified. 
ei, ee, internal and exteraal carotid arteries cut across ; gl.c, carotid gland ; g, blood-vessels ; 
f, interstitial connective tissne of gland ; /, glandular lobules or nodules. 

Fig. 828.— Section of part of the carotid gland, human, showing the epithelium-like cklls 
OF which the glandular nodules are composed. (Schaper.) Highly magnified. 
Numerous blood-vessels are seen in section among the gland-cells. 




Fig. 329. — Diagrammatic view op the disposition of the blood-vessels in a kodule of the 

carotid gland. (Schaper.) 
a, arteriole entering npdule ; v'\ veins leaving nodule ; v', veins in connective tissue around nodule ; 
t, enlarged capillary within nodule ; &, epithclium-Iike cells of the gland ; c, c, boundary of nodule 
abutting upon lymph -spaces ; eZ, interstitial connective tissue of gland. 
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and external brancheB. They are enveloped in connective tissue which also pasBes 
into their substance, subdividing them into small nodules. Each nodule is com- 
posed of a mass of polyhedral epithelium-like cells, amongst which are distributed 
numerous wide and tortuously-disposed blood-capillaries, the cells being in close 
contiguity to the walls of the capillaries. These small organs somewhat resemble in 
minute structure the parathyroids just described ; they are also similar in character 
to the vascular islets of the pancreas. Their origin is very similar to that of the 
parathyroid bodies, except that they are developed from the third inner branchial 
cleft, whereas, as already mentioned, the parathyroids take origin from the fourth 
cleft. The physiological relations of these bodies are unascertained. 

The coccygeal gland (glandula coccygea^ Luschka), is a small organ at most 
2'5 mm. in diameter, sometimes broken up into 3 to 6 smaller corpuscles, placed 

^ -^ Fig. 330.— Sectiow ok ah ir- 

^ REGULAR 50DULR OF THE 

COCCYGEAL ^LAND. (Ser- 
toli.) »{^ 
The section shows the fihroos 
covering of the nodale, th? 
blood-vessels within it and the 
polyhedral cells of which it is 
constituted. 

immediately in front of 
the apex of the coccyx 
and receiving branches of 
the middle sacral artery. 
It resembles very closely 
in minute structure the 
carotid glands, being com- 
^ ^~-'^'"-' ' posed of masses and 

columns of polygonal cells, 
amongst which Eborth has noticed nests of cells similar to the concentric corpuscles 
of the thymus. The gland-cells closely invest the blood capillaries, which are 
numerous and tortuous, and here and there show dilatations upon their course. The 
gland is subdivided into nodular portions by ingrowths of the investing connective 
tissue which conducts numerous nerves to the glandular part of the organ. Luschka 
described the gland as rich in ganglion-cells and compared it in this respect with 
tbei pituitary body, but this has not been confirmed by later observers. The mode 
of development and the function of this body are not known. 




LITBRATURID OF THB CAROTID AND OOaaYOBAIj GLAKDB. 

Arnold, J., Uehcr d. Structur dtr Steisudrusen, Arch..f. path. Anat. xxxii., 1866, xxxv., 1866, 
xxxvii., 1867 ; Ueber d. Structur d.fjaiHjl. intercar.. Arch. f. path. Anat, xxxiii., 1865. 

Eberth, hi Strieker's Handbuch der Oewebelehre, Bd. i., pp. 209—213. 

Heppner, Ueber d. feineren Bau der Gkindida carotica. Arch. f. path. Anat., xlvi., 1869. 

Kxause, W., Anatomische Untersuchungenf Hannover, 1860. 

Luflchka, W., Steissbeivdriise oder NervendrUse des Beckens, Arch. f. path. Anat., xviii., 1860; 
Der Jlimanhang u. die Steissdriise des Menachen^ Berlin, 1860 ; Anatomied, mentehL Beckev8, 1864 ; 
Ueber die driisenartige Natur des Sogenannten Ganglion intcrcaroticum^ Arch. f. Anat. u. Phys., Anat. 
Abth., 1862. 

Marchand, Beitr. zur Kenntnits d. normal, u.pathol. Anat, der Glandula earottra u, d. Neben- 
nieren, Festschr. z. R. Virchow, Bd. i., Berlin, 1891. 

Pfortner, Unters. it. d. Ganglion intercarot. u. d. Nebennieren^ Zeitschr. f. ration. Med., xxxiv., 1869. 

Frenant, A., Contrib, d VHude du divdoppemevt organiqve et hi^tdogique du thymus^ de la 
glande thyroide et de la glande carotidienney La Cellule, t. x., 1894. 

Schaper, Beitr. z. Histologic der Glandvla carotica. Arch. f. mikr. Anat., Bd. xl., 1892. 

Sertoli, Ueber die Structur der Steissdriise des Menschen^ Arch. f. path. Anat., xlii., 1868. 

Stieda, Unters. ii. d. Entwickl. d, Glandula thymus, Glandula thyroidea u. Glandula carotica^ 
Leipzig, 1881. 

Stillinsr, Du ganglion intercarotidien, Rec. inaug., Lausanne. 1892. 



THE PERITONEUM. 



By J. SYMINGTON. 



The abdominal viscera having been described, as well as the disposition of the 
peritoneum in relation to each of them, it remains to give an account of that 
membrane in its whole extent, and to trace its continuity over the various parts 
which it lines or covers. 

The peritoneum lines the whole of the anterior abdominal wall, except along a 
narrow line extending from the umbilicus upwards to the diaphragm, and corre- 
sponding to the interval between the two layers of the falciform ligament of the liver. 




obi. hyjio^utrii 



fovea JemoTQlU 

Pig. 831. — View from behind of the lowkr part of the anterior abdominal wall and of 
THE BLADDER. (G. D. T., after Joessel.) 

This peritoneal fold is usually attached to the abdominal wall slightly to the right 
of the luedian plane. For a short distance above the pubis the peritoneum is loosely 
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coDnected with the abdominal wall, so that when the bladder becomes distended with 
urine the serous membrane is detached from the lower part of the abdominal wall. This, 
however, can only occur to a limited extent, since the peritoneum as it passes upwards 

towards the umbilicus becomes gradually more 
firmly adherent to the abdominal wall. In 
cases of great distension of the bladder an area 
above the pubic symphysis, two inches in ver- 
tical extent, may be uncovered by peritoneum. 
Between the anterior wall of the pelvis 
and the umbilicus the peritoneum is raised 
into five vertical folds, with intervening 
depressions, by certain structures which con- 
verge towards the umbilicus. These folds are 
a median one, caused by the urachus, and two 
lateral, on each side, formed by the obliterated 
hypogastric artery and the deep epigastric 
artery (see fig. 331). The depression on the 
outer side of the deep epigastric artery cor- 





Fig. 332 A.— DlAQBAMMATIO OUTLIKE OF A SUPPOSED SECTION OF THE BODY, SHOWIXa THE I5FLBGTI0HS 
OF THE PIBITOMSUM IN THE FKHALB. (AUen ThomSOn.) | 

The upper part of the section is a Uttle to the right of the median plane in the body, through the 
quadrate and Spigelian lobes of the liver : below these it is supposed to be median : I e, placed above the 
diaphragm opposite to the coronary ligament of the liver ; l, liver ; V, lobe of Spiegel ; «, stomach ; c, 
transverse colon ; i, small intestine ; pa, pancreas ; a, aorta ; d, duodennm ; v, urinary bladder ; u, 
uterus ; r, rectum ; /, its lower part opened ; t; a, vagina ; p, p, the x>arietal peritoneum lining the 
front and back of the abdominal cavity. The line representing the inflections of the greater sac of the 
peritoneum will be traced from the neighbourhood of I c, where it passes from the diaphragm to the 
upper surface of the liver, over the upper and lower surfaces of that organ, forming the front of g h, the 
gastro-hepatic omentum, over the front of the stomach down to o', the outer layer of the great omentum ; 
thence passing back to the vicinity of the pancreas, and descending again as the upper layer of the trans- 
verse mesocolon. After enclosing the colon it returns as the lower layer of the transverse mesocolon, 
m c, to the root of the mesenteiy, m ; it now forms the mesentery and incloses the smaU intestine, 
returning to tie posterior wall of the abdomen, whence it passes over the rectum, r, descends into the 
recto -vaginal pouch, u', covers the back and front of the uterus and the bladder partially, and regains 
the anterior abdominal wall above the pubis. In connection with the lesser sac of the peritoneum, w 
marks the position of the foramen of Winslow as if seen beyond the section ; the lesser sac, with the 
cavity of the omentum, is shaded with horizontal lines, and is marked o o ; round this space the line of 
the peritoneum may be traced from the diaphragm over the lobe of Spiegel, to the back of the gastro- 
hepatic omentum, theuce behind the stomach and down into the great omentum ; it then ascends to the 
pancreas, which it covers, and thence reaches again the diaphragm. 

Fig. 332 B is a sketch of part of a section similar to that of A, but showing a condition more com- 
monly found in the adult, according to which the two layers of the mesocolon are continuous with the 
posterior pair of the layers of the great omentum. 
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responds to the internal abdominal ring, that internal to the artery to Hesselbach's 
triangle, while the one below Poupart's ligament is opposite the femoral ring. 
The signiticance of these pouches will be found described in connection with the 
anatomy of the groin (see separate Appendix). 

After lining the anterior wall of the abdomen, the peritoneum passes round on 
each side to the lumbar and iliac regions, where it meets with the right and left 
portions of the large intestine. On the right side it completely invests the caBCum 
and its vermiform appendix, and it also provides the latter with a mesentery. Higher 
up it covers the ascending colon in front and on the outer side, the remaining part 
of the circumference of the bowel being usually uncovered. 

Leaving the right colon, the peritoneum gives a scanty covering to the lower 
part of the anterior face of the right kidney and adjoining third portion of the 
duodenum where that intestine comes down ftom behind the transverse mesocolon ; 
lower down it continues over muscles and vessels to the root of the mesentery, 
proceeds forwards to form the right layer of that fold, passes round the jejunum 
and ileum, affording them their peritoneal coat, and returns back to the vertebras, 
thus completing the mesentery on the left side. The membrane now passes in front 
of the lower portion of the left kidney to the left colon, which it invests much in 
the same manner as the right, and is then continued over the lateral wall on the left 
side to the front again, thus completing a horizontal circuit round the abdomen. 
Although the descending colon is usually uncovered behind and on its inner side, 
yet occasionally it is entirely invested by peritoneum and provided with a mesocolon. 
The frequency, however, with which a descending mesocolon occurs has been much 
exaggerated. 

Where the colon forms its sigmoid loop it is completely invested by peritoneum, 
which attaches it by a comparatively free and moveable sigmoid mesocolon to the 
fascia of the left iliac fossa. 

From this part, and from the lower end of the mesentery the peritoneum is con- 
tinued into the pelvis. It there invests the upper part of the rectum completely, 
forming a mesorectum behind. Lower down the membrane gradually quits the 
intestine, first behind, then at the sides, and finally in front, whence it is reflected 
on the base and upper part of the bladder in the male, and forms here the recto- 
vesical pouchy the mouth of which is bounded by a crescentic fold on each side, 
named plica semilunaris. From the apex of the bladder the peritoneum passes on 
to the urachus as already described. In the female the peritoneum passes from the 
rectum to the upper part of the vagina, and over the posterior surface, the fundus, 
and upper part of the anterior surface of the uterus, whence it goes to the bladder. 
The reciO'Vaginal pouch (pouch of Douglas), like the recto-vesical, is bounded above 
by its semilunar folds, and the uterine peritoneum forms at the sides the broad liga- 
ments of the uterus, along the upper border of which the Fallopian tubes receive 
from it a serous covering ; at their fimbriated openings the peritoneum is con- 
tinuous with the mucous membrane lining the tubes. 

The peritoneum, on being traced to the upper part of the abdomen, is found to 
line the vault of the diaphragm, adhering moderately to the muscular and firmly to 
the tendinous part, and continuing down behind as far as the hinder surface of the 
liver and the oesophageal opening. It then passes forwards on to the liver, forming 
the falciform, coronary, and lateral ligaments of that organ, already specially 
described. 

Turning round the anterior border it passes back on the under surface ; but, after 
covering the quadrate lobe, and arriving at the transverse fissure, it meets with a 
peritoneal layer from behind, and in association with it, stretches from the liver to 
the stomach, to form the lesser omentum, as will be presently explained. To the 
right of this part it invests the gall-bladder more or less completely, and the under 
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surface of the right lobe of the liver, covers anteriorly the adjacent part of the 
duodenum, and passes to the upper end of the right kidney, forming here a slight 
fold, named hepato-renal ligament. It then invests the hepatic flexure of the colon 
and reaches the right colon, on which it has been already traced. To the left of the 
loDgitudinal fissure the peritoneum invests the whole of the left lobe of the liver, and 
stretches out as the long left lateral -ligament above and beyond the oesophageal 
opening. It then passes down over that openiug and covers the front and left side 




Fig. 838. — Front view op thk visckra op the upper part op the abdomen in a child. (Hcnle.) 

The liver is drawn upwards in order to show its under surface and the small omentum, together 
with the entrance of the foramen of Wiuslow, into which a probe is passed. 

A, quadrate lobe of liver ; R, left lobe ; D, right lobe ; Lt, ligamentum teres with its peritoneal 
covering forming the falciform ligament ; V, stomach ; Ct, transverse colon ; D', duodenum ; 1, small 
omentum ; 2, part of great omentum ; 8, right part of small omentum, its anterior layer being divided 
to show its contents, viz., Ah, hepatic artery ; Vp, portal vein ; Dch, common bile-duct ; Dh, hepatic 
duct ; and Dc, cystic duct ; 4, peritoneum reflected from the liver over the upper part of the right 
kidney, or hepato-renal ligament. 



of the gullet, spreads over the left end of the stomach, where it passes off to invest 
the spleen, forming a duplicature named the gasiro-npUnic ligament, or gastro-splenic 
omentum, for it is connected below with the great omentum, and often reckoned as 
a part of it. When the membrane passes from the diaphragm to the stomach it 
forms a small duplicature to the left of the oesophagus, named the gastrophrenic 
ligament; it extends also as a generally stout and well-marked fold (the costo- or 
phreno-colic ligament) from the diaphragm opposite the tenth and eleventh ribs 
to the splenic flexure of the colon, then passes over the splenic flexure, and reaches 
the left kidney and descending colon, where it has been already described. 

Omenta. — The arrangement of the remaining part of the peritoneum — ^that 
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between the stomach, liver, and transverse colon — is somewhat complex, in conse- 
quence of the membrane forming in this situation a second and smaller sac, which 
communicates towards the right with the general cavity by a narrow throat, named 
the foramen of Winslow. This passage, which readily admits two fingers, is situated 
behind the bundle of hepatic vessels which stretches between the liver and duodenum ; 
behind the orifice is the inferior vena cava ; above is the caudate lobe of the liver ; 
and its lower boundary is formed by the duodenum and a curve of the hepatic 
artery. From this opening the lesser sac spreads out to the left behind the general 
or main sac of the peritoneum. It covers a part of the posterior abdominal wall, 
but in front and below it is applied to the back of the main sac, to which it adheres 
except where the stomach is interposed. Moreover, it indeuts, as it were, the back 
of the main sac, and between the stomach and colon protrudes into it in the form of 
a great pouch — the bag of the omentum, — which thus has a double coat, formed by 
the apposition of the membranes of both sacs. To trace this arrangement more 
particularly : suppose a finger pushed into the foramen of Winslow, and the thumb 
brought to meet it from before, to the left of the hepatic vessels ; the membrane 
held between is double ; its anterior layer (from the greater sac) turns round the 
hepatic vessels into the foramen, and then belongs to the lesser sac. l?he double 
membrane, so constituted, is the small or gasiro-Jiepatic omentum. From the 
point indicated it may be followed to the transverse fissure of the liver, where its 
lamimB separate, the anterior, which has already been traced from above, spreading 
on the adjacent part of the liver, the posterior covering the Spigelian lobe, where 
it will be again met with. The attachment of the combined layers continues back- 
wards from the left end of the transverse fissure along the fissure of the ductus 
venosus to the diaphragm on which it runs a short way to reach the oesophagus, 
where the anterior lamina covers the end of that tube in front and on the left, and 
the posterior lamina invests it on the right and behind. From this point, as far as 
the pylorus, the small omentum is attached to the lesser curvature of the stomach, 
where its laminas separate — one covering the anterior and the other the posterior 
surface of the organ — but meeting again at the great curvature, they pass down in 
conjunction to a variable distance before the small intestine to form the anterior 
part of the great omental sac, and then turn up to form its posterior wall. Meeting 
next with the transverse colon, the two laminae separate, and enclose that intestine, 
but meet again behind it to form the transverse mesocolon. This extends back to the 
anterior border of the pancreas, from which its inferior layer passes backwards over 
the inferior surface of this organ and then turns downwards over the posterior wall 
of the abdomen, and forms the mesentery, where it has been already recognized. 
The superior layer, on the other band, which, as will be understood, belongs to the 
lesser sac, covers the front of the pancreas, the coeliac artery and its main divisions, 
the upper part of the left kidney, and the portion of the diaphragm between the 
aortic and caval orifices, and may extend to the left end of the pancreas and gastric 
surface of the spleen, partially investing the latter organ and forming part of the 
gastro-splenic omentum. It then goes forward on the Spigelian lobe to the trans- 
veise fissure, and the line of attachment of the lesser omentum of which it then 
becomes the posterior layer. More to the right the layer in question passes over the 
vena cava, and continues into the general peritoneum beyond the foramen of Wius- 
low. The gastric and hepatic arteries, especially the former (Buschke), may raise 
the membrane into folds which project into the cavity. 

From the description given it will be understood that, as the sides or walls of 
the great omental bag consist of two peritoneal layers, its whole thickness (in its 
usually empty and collapsed state) will comprehend four layers. But although the 
bag may be inflated in its whole extent in the infantile body, its sides afterwards 
cohere, and it becomes impervious in its lower part. Fat, moreover, accumulates 

Y 2 



324 



THE PEKITONEUM. 



between its latninse ; long slender branches also pass down into it from the gastro- 
epiploic vessels. 

The part of the membrane just described, which is attached to the great <turva- 
ture of the stomach and transverse colon, and which is connected also with the 
gastro-splenic ligament (or omentum), is usually named the great or gastro-colic 
omentum. This may reach the hepatic flexure and pass a certain way down on the 
ri^ht colon, and this part has been distinguished by Haller and others as the omentum 
coUcum. The great omentum (proper) usually reaches lower down at its left border, 
and it is said that omentum inguinal hernias are more common on the left side. 




Fig. 334.- 'Diagram or a horizontal section througb the abdomen at the level of the 
FORAMEN OF wiNSLOW. (R. J. GKxUee.) 

LI, first lambar vertebra ; 12, 11, 10, &c., successive ribs ; r, rectus muscle ; eo, external oblique ; 
Id, latissimuB dorsi ; »pi, serratus posticus inferior ; t, intercostal muscles ; cs, erector spinse ; m$j 
multifidus spinse ; jmt, psoas ; d, diai>bragm. 

Ao, aorta ; V.C, inferior vena cava ; C A, coronary artery ; S A, splenic artery ; S V, splenic vein ; 
S, splenic vessels cut as tbey enter tbe spleoo ; H A, hepatic artery ; P V, portal vein ; B D, commoa 
bile duct. 

L, liver ; L T, ligamentum teres or round ligament of the liver ; St, stomach ; Sp, spleen ; P, 
pancreas ; K, kidney ; L S, large sac of peritoneum ; S S, small sac ; S 0, smaU omentum ; G S 0, 
gastro-splenic omentum ; F W, foramen of Winslow ; PI, pleura. 

The peritoneum is represented by a thick dark line. It can be traced from the middle line anteriorly, 
where it is seen investing the round ligament of tbe liver and forming the commencement of the falci- 
form ligament, along tbe right side of the abdominal wall, over tbe front of the right kidney, to the 
inferior vena cava where it forms tbe posterior boundary of the foramen of Winslow ; from the latter 
spot the small bag extends over the pancreas and left kidney nearly as far as the spleen, and then is 
reflected backwai^s along the back of the small omentum to the front of the foramen ; here becoming 
large bag again, it turns round the hepatic vessels, forms the anterior layer of the small omentum, 
covers the front of the stomach, forms the gastro-splenic ligament or omentum as it is reflected on to 
the spleen, which it invests almost completely, and is thence continued along the diaphragm and 
abdominal wall back to the middle line. 



The description now given of the relation of the omentum to the mesocolon 
agrees with the appearances most frequently seen in the adult subject, the exterior 
(here also posterior) layer of the great omentum being described as separating from 
the layer within, belonging to the omental sac, when it reaches the transverse colon 
so as to pass behind or below that viscus, and as proceeding thence backwards to the 
abdominal wall as the posterior or lower layer of the transverse mesocolon. In the 
young foetus, however, two layers of peritoneum pass from the greater curvature of 
the stomach upwards and backwards to the posterior abdominal wall forming the 
mesogastrium, and the transverse colon possesses an independent mesocoloh. Sub- 
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sequently the posterior layer of the mesogastriam fuses with the anterior layer of 
the transverse mesocolon (see Development, Vol. I., Pt. I., p. 107). Occasionally 
in the child, and even in the adult, these layers remain distinct. 




x^ 



Fig. 335. — Transtkrsb section through the abdomen of a F(ETUs 3 J inches long. (J. S.) 
V, body of lumbar vertebra ; K, left kidoey ; D.O., deecending colon ; P, peritoneum. 

Various peritoneal fossae or pouches are often found on the posterior wall of the 
abdomen. They are of importance surgically on account of the fact that portions 
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Fig. 336. — View of inter-sigmoid fossa. The pelvis has been divided in a coronal plane 

OPPOSITE THE BOTTOM OF THE BECTO-VESICAL POUCH, AND THE SIGMOID LOOP HAS BEEN TURNED 
UPWARDS AND TO THE RIGHT. ( JenneSCO. ) 

D. C, descending colon ; S. P., sigmoid colon ; R., rectum covered by peritoneum ; R\ rectum un- 
covered by peritoneum ; R.V., recto* vesical fold of the peritoneum; S. A., branches of the sigmoid 
artery ; L. U., left ureter ; I. V., external iliac artery and vein ; H. A., obliterated hypogastric artery. 

of the intestine are liable to become lodged in them, giving rise to retro-peritoneal 
hernias. 

Several of these fossae are found in relation with the caecum and have already 
been described (see p. 111). Another fossa, the mier-sigmoid, is very commonly met 
with during the fifth and sixth months of foetal life. This recess is funnel-shaped and 
opens below, behind the root of the mesentery of the sigmoid colon. It extends 
upward for a variable distance along the course of the ureter. In the young foetus (see 
fig. 835) the descending colon is connected by a relatively long mesentery to the 
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posterior abdominal wall near the median plane. The posterior layer of the 
descending mesocolon Eoon unites with the peritoneum in front of the kidney, but 
internal to this organ the fusion of the two layers of peritoneum does not occur so 
readily, hence the formation of a tubular recess, which communicates below with 
the general peritoneal cavity. This fossa is only occasionally met with, in a wel 
developed condition, in the adult. Several fossae, duodenal and duodeno-jefunal, are 
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Fig. 337. — Superior akd infkrior duodenal foss^. The transverse colon and the great 

OMENTUM HAVE BEEN TURNED UPWARDS AND THE CONVOLUTIONS OF THE JEJUNO-ILEUM TO THK 

RIGHT SIDE. (Jonnesco.) 

J, Tipper end of jejunum ; M, the mesentery ; D, terminal or 4th part of duodenum ; SDF, 
superior duodenal fold of peritoneum ; S F, superior duo<lenal fossa ; IDF, inferior duodenal fold ; 
I F, inferior duodenal fossa ; I M V, inferior mesenteric vein ; L C A, left colic artery. 

sometimes present near the termination of the duodenum. According to Jonnesco 
there are five varieties of fossae met with in this region ; viz., itiferlor duodenaf, 
superior duodenal^ retro-duodenal^ para-diwdenaU and duodeno-jejunal. The most 
frequent of these fossae, inferior duodenal^ lies on the outer side of the terminal part 
of the duodenum and has its orifice above. It is bounded anteriorly by a thin fold 
of peritoneum, which is attached to the posterior abdominal wall along a vertical 
line to the left of the duodenum, while on the right side it is attached to the 
duodenum. This fold possesses an upper, free and somewhat crescentic margin. In 
other cases the fossa, superior duodenal, has its orifice directed downwards, or these 
two fossae may both occur in the same subject (see fig. P>37). 



For the recent literature of the Peritoneum, see pp. 09, 70. 
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Abdomen, 68 
Abdominal mammse, 291 

regions, 68 

surface of bladder, 209 

▼iscera, 68 
Aberrant biliary ducts, 136 
Accessory bronchi, 178 

liver, 128 

lobes of lung. 176 

mammse, 291 

pancreas, 142 

pancreatic duct, 142 

spleen, 296 

suprarenal capsules, 305 

th3Toids, 312, 313 
Adamantoblasts {iidpas, adamant ; 6\a<rr6s, 

perm), 43, 45, 46 
Adams on prostatic soci-etion, 250 
Admazillary glands, 19 
Adrenals (oJrf, near to ; reiieSj kidneys), 302 
Aeby on calibre of trachea, 162 

eparterial bronchial tube, 177 
nion>hology of pulmonary lobes, 176 
Agminated slands, 95 
Air-cells of lung, 181 
Ala (wing) of thyroil cartilage, 147 
Albumen of ovum, 279 
Albuminous or serous alveoli, 19 
Alimentary canal, i 

literature of, 69 
Alveolar passage, 181 

Alveoli {alveolus, small hollow or bowl), dental, 
formation of, 48 

of fcttal lung, 184 

of lung, 181, 183 

mammary, 288 

mucous, 19 

of parotid gland, 19 

of salivary glands, 18, 22 

serous or albuminous, 19, 20 

of sublingual gland, 19 
Alveolo-labia) sulci, I 
Alveolo-lingual sulcus, 4 
Amphibia, dentition of, 29 

larval epithelial teeth of, 38 

jiulmonary capillaries of, 185 
Ampulla (flask-shaped vessel) of Fallopian tube, 
269, 270 

rectal, 116 

of vas deferens, 233 
Ampullae of galactophorous ducts, 288 
Amygdalte (almonds), 59 
Anal canal, 116 
Ante-prostiitic gland, 247 
Antrum i»ylori, 72 
Anus (ring), 116 



Apex of lung, 174 

of prostate, 247 
Appendices epiploicffi {MwXoov, omentum), 105 
Appendix casci, 109 

vermiform, 103, 106, 108, 109, in, 321 
of lower animals, 1 10 

vesicae, 213 
Aponeurosis, pharyngeal, 61 
Arbor vitae uterina, 262, 268 
Arches, arterial, of kidneys, 201 

dental, 3, 24, 52 

l)alatine, 59 

venous, of kidney, 201 
Archoplasm(&px<^^> chief; irAdLro-w, I form), 229 
Area, mammary, 291 

of pnccordial dulness, 1 76 
Areolae (small open spaces) of thyroid body, 313 
Areola (dim. of area, halo), 285 
Areolar coat of large intestine, 106 
of liver, 129 
of oesophagus, 66 
of small intestine, 86 
of stomach, 76 
Arnold on lymphoid tissue of lung, 187 
Arterial arches of kidney, 201 
Arteries or Artery, of bladder, 215 

of bronchi, 167 

of bronchia, 186 

of corpus spongiosum, 242 

of dental pulp, 31 

of female ureihra, 258 

of gall-bladder, 127 

helicine, 241 

hepatic, 126, 130, 131 

of kidney, 201 

of lar^e iiitesiiuo, 108 

of larynx, 157 

of lung, 185 

of mammary gland, 290 

of (esophagus, 66 

of ovary, 281 

of pancreas, 14$ 

of parotid g!and, 16, 22 

of penis, 239, 240 

of pleura, 174 

of prostate, 250 

of rectum, 117 

of scrotum and spermatic cord, 220 

of seminal vesicles, 235 

of small intestine, 90, 97 

of spleen, 299 

of stomach, 82 

of sublingual gland, 17, 22 

ot submaxillary gland, 17, 22 

of sui>rarenal capsules, 305 

of testis, 235 
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Arteries or Artery — con t in ual. 

of thymus, 309 

of thyroid body, 313 

of tongne, 11 

of tonsil, 60 

of trachea, 167 

of ureter, 205 

of uterus, 268, 269 

of yaffina, 260 

of vulva, 257 
ArteriflB glomerulorum, 202 

interlobulares of kidney, 201 

rect«e, 202 
Articulation, crico-arytenoid, 152 

crico-thyroid, 151 
AxTteno-epiglottic folds, 152 

muscle, 156, 158, 162 
Arytenoid {ip^naiya^ vessel with spout ; elSoj, 
form) cartilage, 146, 148, 150 

muscle, 158, 162 
Ascaris, chromosomes in spermatic cells of, 228 
Atrium (forecourt, hall) of pulmonary inlundi- 

bula, 181 
Auerbach, plexus of, 100 
Australians, dental index of, 25 

incisors of, 25 
Axial filament of spermatoblast, 229 
Axillary mammse, 291 
Azygoe (&C>>b^^f> unyoked) lobe, 178 



Baber on thyroid vesicles, 313 
Bag of omentum, 323 
Balfour on Graafian follicles, 277 
Ballantyne on liver of infant, 128 

ostium abdominale, 270 

spleen of infant, 296 
Bands, muscular, of colon, 106, 108 
Bardeleben on mammary glands, 291 

spermatozoa, 220 
Bartholin, duct of, 17 

f lands of, 256 
layer of dental pnlp, 31 
ridge of incisor teeth, 27 
surface of spleen, 293 
Base of bladder, 208, 210 
lung, 174 
prostate, 247 
Bauhin, valve of, 1 10 
Baume on development of teeth, 53 
Bellini, ducts of, 200 
Bergmann on nerves of suprarenale, 305 
Berkeley on Meissner's plexus, 100 
nerves of liver, 136 
lung, 187 
Bermann on submaxillary gland, 19 
Berry on vermiform appendix, 109 
Bibra on dentine, 32 
enamel, 34 
Bicuspid (6», twice ; ctispis, point) teeth, 24, 

27,30, 51 
Bile-canaliculi, 133 

Bile-ducr, common, ico, 102, 127, 128, 140, 141 
Biliary ducts, 133, 135 
aberrant, 136 
Birds, parietdl cells of, 81 
Birmingham on ileo-cfecal valve, 1 1 1 
Bizzozero on goblet-cells, 94 
Bladder, 189, 206, 321 
bloodvessels of, 215 
interior of, 212 
fasciculated, 213 



Bladder — continued. 
glands of, 215 

ligaments of, false, 115, 208, 211 
true, 208, 210, 211 
literature of, 216 
lymphatics of, 21$ 
mucous membrane of, 212, 213, 215 
nerves of, 215 

peculiarities of, according to age, 212 
relations of, 208 
sacculated, 213 
structure of, 213 
urethral orifice of, 211, 212 
Blandin, glands of, 9 
Bloodless fold, 1 1 1 

Bloodvessels. Sec Arteries, Veins. 
Body, chromatic, 229 
of epididymis, 222 
globuloid, 225, 226, 229 
of pancreas, 139, 140 
of penis, 236 

of spermatozoon, 225, 226, 229 
thyroid. See Tmykoid Body. 
of tongue, 3 
of tooth, 26 

of uterus, 260, 265, 268 
Bdhm on splenic pulp, 299 
Border, mesenteric, 86 
Boundary zone, 197 
Branne on cardia, 72 
trachea, 163 
Breast, 285 
Broad ligament of liver, 121, 125 

uterus, 262, 264, 267, 321 
Bronchi (fip6yxos, from /3p«x«, I drink : the 
Greeks believed that liquids passed, not 
into the oesophagus, but into the air- 
tube), 146, 162, 164, 176 
accessory, 178 
bloodvessels of, 167 
distribution of, in lung, 177 
literature of, 187 
in lower animals, 178 
lymphatics of, 167 
nerves of, 167 
structure of, 167 
termination of, 181 
Bronchia, 181 

Bronchial cartilages, 163, 167 
tubes, 181 

bloodvessels of, 186 
cartilages of, 182 
coats of, 182 
lymphatics of, i86 
mucous membrane of, 182 
muscular tissue of, 183 
nerves of, 187 
ramifications of, 181 
stnicture of, 181 
Bronchioles, 181 

lobular or respirator)-. i8"l, 183 
Bronchus, epartenal bmnch of, 164, 177, 17S 

hyparterial branches of, 178 
Brooks on pleurte, 171 

valvulffi conniventes, ?8 
Brown on spermatogeuic cells, 227 
Brunn on enamel cuticle, 46 
Brunner's glands, 93, 94, ico 
Buccal glands, 3 
Bucco-pnaryngeal fascia, 61 
Hudin on hymen, 258 
Bulb of urethra, 241, 242 
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Bulbi Testibuli, 255 

Balbous portion ot urethra, 246 

Balbs of corpora cavernosa, 239 

Bursa {fivpaa, hide, bag), pharyngeal, 57 

Cmcuu (sc. inUstinum, blind bowel), 103, 108, 
321 

descent of, 108 

infantile type of, 108 
Caliccs of kidney, 193 
Camel, hepatic lobules of, 129 
Canal or Canals, alimentary, i 

alimentary, literature of, 69 

anal, 116 

of epididymis, 231 

hepatic, 129 

inguinal, 218 

of Nuck, 220, 264 

portal, 129 

ofStensen, 13 

of Wirsung, 141 
Canaliculi, biliary, 133 

pancreatic, 144 
Canine teeth, 24, 27, 30, 49, 51 
Capillaries, hepatic, 131 
Capsula adiposa, 190 

Capsule atrabiliarioB s. renes succenturiati, 302 
Capsular bram hes of hepatic artery, 131 
Capsu e of Glisson, 127, 129 

of kidney, 190, 192, 202 

suprai*enal. See Supkarbkal capsule. 

of uriniferous tubule, 197 
Caput c«ecum coli, 108 

gallinaginis, 244, 246 
Cardia (Kopila, stomach), 71, 72 
Cardiac glands, 79 

orifice, 71, 72 
Carlier on ellipsoids, 300 
Carotid gland, 293, 317 

literature of, 318 
Cartilage or cartilages, arytenoid, 146, 148, 150 

bronchial, 163, 167, 182 

cricoid, 146, 148, 150 

cuneiform, 147, 149, 153 

of epiglottis, 146, 149 

of larynx, 146 

moriihology of, 151 
ossinctltiou of, 150 
structure of, 149 

of Luschka, 155, 161 

of Santorini, 149 

thyroid, 146, 147, 150 

tracheal, 163, 165 

ofWrisberg, 149 
Cartilago triticea {trilicutn, wheat), 151 
Camncnlse niyrtiforuies {caruncula^ little piece 
of flesh : myrium^ myrtle -berry), 258 
Cat, development of mammffi of, 291 

marginal cells of, 20 

nerves of tracliea of 167 
of parotid of, 16 

spleen of, 298 

suprarenal of, 304 
Caudate lobe (cauda, tail), 121, 122 
Cavum oris (cavity of mouth), 1 

prsevesicale, 210 

Ketzii, 210 
Cell-islets, interalveolar, of pancreas, 145 
Cell-nests of ovary, 276 
Cells, central, of gastric glands, 80 

centro-acinar, of pancreaM, 143 

colloid, 313 



CeUs — eoTitin ued. 

enamel, 43 

goblet, 92, 94, 107 

hepatic, 132 

intermediate, of seminiferous tubules, 227 

Interstitial, of ovarian stroma, 274, 278, 281 
of testis, 230 

lining, of seminilerous tubules, 226 

marginal, of gastric glands, 20 

mucin, 20 

oxyntic, parietal or sux)eradded, of gastric 
glands, 80 

pancreatic, 142 

peptic, 80 

prmcipal, of gastric glands, 80 

reserve, 313 

reticular of splenic pulp, 298 

spermatogenic, 227 

sustentacular of seminiferous tubules, 228 
Cement, 32, 36, 46 

omn, 47 
Central cells, 80 

Centro-acinar cells of pancreas, 143 
Centrosome (K^vrpov, centre of circle ; trmiia, 

body), 229 
Cervical fistulie, 61 

pleura, 170, 172 
Cervix (neck) of bladder, 208 

of penis, 236 

of uterus, 260, 265, 268 
Chabry on development of teeth, 53 
Chaput on villi, 89 
Cheeks, 2 
Chdanae {x^arnt melting pot, deriv, Jr. x^^* 

pour), 57 
Chromatic body, 229 
Chromosomes of spermatoblasts, 228 
Chrzonszczowsky on bile- ducts, 133 

on hepatic lymphatics, 136 
Cingulum (girdle), 27 
Circulus venosus, 290 
Circum-anal glands, 116 
Circumvallate papillae, 5, 6 
Cleft, vulval. 253, 256 

visceral, 57, 60, 61 
Clitoris (ic\c<Topii), 253, 255 
Coccygeal gland, 293, 317 
literature of, 318 
Collecting tubes, 197, 199 
Colliculus (little hill) bulbi, 242 

seminalis, 244 
Colloid {kSWo, glue ; cTSof, form) cells, 313 

fluid, 313 
' Colon {kuKov), 103, 1 1 1 
I ascending, 103, 11 1, 321 

I descending, 103, 113, 321, 322, 324 

) ligaments of, loiS 

sigmoid, 103, 113, 321 

transverse, 103, 112, 323 
Colostrum, 291 
Colostrum-corpuscles, 291 
Coloured lines of enamel, 35 
Columns Bertini, 192 

rugarum, 259 
Columns of enamel, 35, 43, 45 

of rectum, 116 

of vagina, 259 
Common bile-duct, 100, 102, 127, 128, 140, 141 

dental germ, 39, 40, 41, 48, 50 

enamel germ, 39 

seminal duct, 233, 235, 244 
Compi*e8sor socculi laryngis, 156 
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Concentric corpuscles of Haasa]l| 308, 315, 318 

Coni vasculosi, 231 

Conical papillse, 5, 6 

Connecting strand of dental germs, 41 

Convoluted tubules, 197, 195, 199 

Cooper on nerves of thymus, 309 

ligaments of, 287 
Cope on phylo^ny of teeth, 29 
Cord, spermatic. Sec Spekmatio Cord. 
Cords, vocal, false, 152, 154 

true, 146, 152, 154, 155, 157 
Comicula (little horns) laryngis, 147, 149,152,153 
Cornua (horns) of thyroid cartilage, 147, 148 
Corona glandis, 236 
Coronary ligament, 125, 321 
Corpora cavernosa {cavcrnosiia^ full of cavities) 
clitoridis, 255 
penis, 236, 239 

structure of, 239 
Corpns cavemosum urethiw, 236 

Highmori, 222 

luteum (yellow body), 275 
structure of, 280 

mammae, 286 

spongiosum, 236, 241 
bloodvessels of, 242 
structure of, 242 
Corpuscles, concentric of Hassall, 308, 315, 318 

cenital, 243 

Malpighian, of kidney, 197 
ot spleen, 299 

salivary, 61 

tactile, 8, 117, 243, 250, 257, 290 

thymus, 308 
Cortex of kidney, 192 

labyrinth of, 196 

of muscle -substance of tongue, 1 1 

of suprarenal capsules, 304 

of thymus- follicles, 308 
Cortical zone of testis, 224 
Costal pleura, 170, 174 
Costo-colic ligament, 113, 322 
Cow, Gartner's duct of, 282 
Cowper's glands, 218, 246, 247 
Cremaster («p*^do>, suspend) muscle, 219 
Cremasteric fiiscia, 219 
Crescents of Gianuzzi, 20 
Crest of urethra, 244 
Cricoid (*fp/ifos. ring ; cTSos, sliape) cartilage, 146, 

148, 150 
Crico-arytenoid articulations, 152 

ligament, 152 

muscle, lateral, 158, 160 
posterior, 158, 159 
Crico-thyroid articulations, 151 

membrane, 151 

muscle, 158 
Crista (crest) urethra?, 244 
Crown of tooth, 26, 27, 28, 29, 30, 34 
Crura {cruSj leg) of clitoris, 255 

of corpora cavernosa, 239 
Crusta petrosa (stony crust), 32, 36 
Cryptorchismus {Kpvvrox, hidden ; «px*^» tes- 
ticle), 220 
Crypts of Lieberkiihn, 93, 106 

of mucous membrane of tongue, 9 

of tonsil, 60, 61 
Cul-de-sac, small, of stomach, 72 
Cuneiform {amicus, wedge ; fonmi^ shape) car- 
tilages, 147, 149, 153 
Cunningham on muscles of cusophagus, 66 

relations of kidney and duodenum, 102 



Cunningham on renal impressions, 192 
Curvatures of dentinal tuoes, 33 
oesophagus, 64 
stomach, 71, 73 
Curve of dental arches, 24, 52 
Cushion of epiglottis, 149, 154 
Eustachian oriiice, 57 
levator, 57 
Cuspidate teeth, 27 
; Cusps {euspiSf point), 27, 28, 29, 30 
I dental, of different races, 29 

Cuticle, enamel, 36, 46 
I Cystic duct, 127, 128, 138 



Daetos {Zapr6s, flayed ; B4pw, flay) tunic, 219 
Davidoff on splenic pulp, 299 
Debierre on ileo-ciecal valve, ill 
Deglutition, larynx during, 162 
Dental arches, 3, 24, 52 

fun'ow, 39 

germ, common, 39, 40, 41, 48, 50 
special, 40, 41, 43, 49, 50 

index, 25 

lamina, 39. See also Dental germ, com- 
mon. 

papilla;, 39, 41, 44 

periosteum, 26, 37, 47 

pulp, 30, 40, 45 

sac, 44, 47, 50 
Dentinal sheath, 33 

substance, intertubular, 34, 44 

tubes, 32, 44 
Dentine, 31, 32, 40, 43, 44 

of repair, 37 

secondary, 37 

varieties of, 37 
Dentition, 24, 29 

changes in jaws during, 52 
Descending colon, 103, 113 
Descent of ctecum, 109 

of ovary, 273 

of testis, 220 
Detrusor urina?, 213 
Deutoplasni (SeiJrfpos, second ; "xXdaa-u^ I form), 

280 
Development of teeth, 37, 49 

historical account of, 53 
Diaphragmatic pleura, 170, 174 
Diastema {didirTrifia, interval), 24 
Di«;estion, organs of, i 
Digital fossa, 220 

Diphyodont {^i<t>vf}s, double ; oSoi^s, tooth) den- 
tition, 24 
Discus proligerus, 275, 278 
Disse on vesical oritice of urethra, 211, 212 
Diverticula, pharyngeal, 61 
Diverticulum (by-path, dieertOf turn away), 

Meckel's, 103 
Dog, fat-absorption in, 93 

marginal cells of, 20 

nerves of, paiotid of, 16 
trachea of, 167 

salivary alveoli of, 19 

spleen of, 298 

suprarenal of, 304 
Dorsum penis, 236 
Douglas, pouch of, 263, 321 
Dubois on laryngeal cartilages, 151 
Duct or Durts ot Bartholin, 17 

of Bellini, 200 

bile, common, ico, 102, 127, 128, 140, 141 
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Duct or Ducts — eontinued. 

biliary, 133, 135 
aberrant, 136 

common seminal, 233, 235, 244 

cystic, 127, 128, 138 

ejaculatory, 233, 235, 244 

galactophorous, 288 

of Gai-tner, 282 

hepatic, 127, 128 

hepato-cystic, 128 

intercalary, of pancreas, 142 

^ salivary glands, 21 

intralobular of salivary glands, 21, 22 

pancreatic, 100, 102, 140, 141 
accessory, 142 

parotid, 15, 16 

prostatic, 244 

of Rivinus, 17 

ofSantorini, 142 

of serous glands, 21 

of Stensen, 16 

of sublingual gland, 4, 17 

of submaxillary gland, 4, 16, 17, 22 

of testis, 230 

thyro-glossal, 8 

of Wharton, 16, 17 
Ductless glands, 293 
Ductus communis choledochus, 128 

lingualis, 9 

Stenonianus, 16 

venosus, fissure of, 121, 125 
Duodenal fossa, inferior and superior, 326 
Duodeno-jejuiial flexure, 102 

fossie, 102, 326 
Duodenum {diwdenij twelve ; the first twelve 
finger-breadths of the intestine), 86, 100, 128, 
142, 321, 322 
Duveruey, glands of, 256 



Eberth on coccygeal gland, 318 
Ebucr on coloured lines of enamel, 35 

dentinal substance, 34 
Edmunds on parathyroids, 314 
Efferent tubules of testis, 230, 232 
Egg- tubes, 277 

Ejaculatory duct, 233, 235, 244 
Elephant, testis of, 7.20 
Ellipsoids, 300 
Enamel, 31, 34, 40, 45 

colls, 43 

columns or prisms, 35, 43, 45 

cuticle, 36, 46 

droplets, 45 

epithelium, outer, 43 

germ, conmion, 39 

organ, 43 

)»ulp, 43 
End-bulbs, 3, 8, 158, 243 
End-piece of spermatozoon, 226 
Eparterial (^jr/, upon) branch of bronchus, 164, 

177, 178 
Epididymis {i1ri^ upon ; 8/8v/uot, testicle), 222, 

231, 282 
Epiglottic gland, 157 
Epiglottis 'Jnlj u|>ou), 146, 149 
cartilage of, 146, 149 
position of, in swallowing, 162 
tubercle or cushion of, 149, 154 
Epithelial bodies, outer and inner, of thyroid, 
3"4 



Epithelial sheath of dental germ, 47 

teeth, larval, 38 
Epithelium, geiminal, 274 

enamel, outer, 43 
Epoophoron (/vi, upon; &6y, egg; ^^pv, carry), 

282 
Erectile tissue of vulva, 255 
Eruption of milk-teeth, 49 

permanent teeth, 51 
i Euroiteaus, dental cusps of, 29 

position of incisors of, 25 
Eustachian orifice, cushion of, 57 

tubes, 57 
Excretory tubes, uriniferous, 197, 200 
Extrinsic tongue-muscles, 9 
Eye-teeth, 27 



Falciform (/aZ^, sickle ; forma, shape) liga- 
ment, 121, 125, 321 
Fallopian tubes, 253, 264, 269, 321 
literature of, 283 
mucous membrane of, 271 
peculiarities of, according to age, 270 
position of, 269 
structure of, 271 
varieties of, 271 
Fangs of teeth, 26, 27, 28, 29, 30, 37, 47 
Fascia, bucco-pharyngeal, 61 
cremasteric, 219 
infundibuliform, 219 
interoolumuar, 219 
propria of si>ennatic cord, 220 
spermatic, 219 
Fasciculated bladder, 213 
Fat, absorption of, 92 
Fat-pad of cheek, 3 
Fauces, i 

isthmus of, I, 59 
Ferrein on aberrant biliaiy ducts, 136 
Fibres of Tomes, 31, 44 
Fibrous coat of kidney, 192 
liver, 129 
])rostate, 249 
sjdecu, 296 

HU))rareual capsule, 304 
testis, 222 
Filament, axial, of spermatozoon, 229 
Filaments, seminal, 225 
Filiform papills, 8 
■ Fimbria, ovarian, 270 
I Fimbriae (threads, fringe), 270 
. Fimbriated extremity of Fallopian tube, 2C9, 
270 
Fishes, dentition of. 29 

larval epithelial teeih of, 38 
Fissure or Fissures, of ductus venosus, 121, 125 
of liver, 124 

longitudinal, of liver, 124 
of lung, 175 
I portal, 124 

transverse, of liver. 124 
umbilical, 121, 125 
of vena cava, 125 
Fistula, cervical, 61 
I Flexure, duodeno-jejunal, 102 

hepatic, 112,322 
1 sigmoid, 103, 113, 115 

splenic, 112, 113, 322 
Floating kidney, 192 
I Flower, dental index of, 25 
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Fold or Folds, of anal cnnal, 1 16 

aryteno-epiglottic, 153 

bloodless, iii 

glosso-epiglottic, 5, 149 

ileo-caecal, 11 1 

ileo-colic, in 

of oBsophageal mucous membrane, 66 

of peritoneum, 69 

recto- vesical, 211 

of rectum, 115 

utero-vesical, 263 
Follicles, Graafian. See Graafian follicles. I 

lymphoid. See Lymphoid folliclf^h. 

spleeii, 299 

of thymus gland, 308 
Foramen caecum (blind;, 5, 8 

of Winslow, 323 
Foramina, naso-palatine, 13 
Fore-skin, 236 

FoBsa (trench or ditch) or Fossae, of circum vallate 
p»apill8e, 6 

digital, 220 

duodenal, superior and inferior, 326 

duodenal-jejunal, 102, 326 

glosso-epiglottic, 5 

iJeo-crecal, iii 

ileo-colic, in 

intersigmoid, 113, 326 

navicularis urethrse, 246 
valve of, 247 
vulvae, 256 

ovarii, 272 

para-duodenal, 326 

peritoneal, in, 325 

retro- duodenal, 326 

of Rosenmiiller, 57 

subojecal, in 

supra-tonsillaris, 60 

of vena cava, 125 

vesicalis, 124. 
Fourchette, 254 

Foveola {/uvea, small pit) of renal papilla, 195 
Frenum (bridle) of ileo-csecal valve, 1 10 

labii, I 

linguie, 4 

of prepuce, 236, 255 
Frey on lacteals of sheep, 90 

lymphatics of thyroid, 314 
Frog, cilia in uriniterons tubules of, 198 

cardiac glands of, 81 

fat-absorption in, 92 
Fundus (cup) of bladder, 208, 210 

of gall-bladder, 127 

glands, 79 

of stomach, 71 

of uterus, 260, 268 
Fungiform {fuiiKfus, mushroom, fungus ; fariiva^ 

shape) papilldp, 5, 6 
Furrow, dental, 39 



Galactophorous ('><£Ao, milk ; ^^p«, carry) 

ducts, 288 
Gall-bladder, 127, 321 

lymphatics of, 137 

nerves of, 137 

structure of, 137 

varieties of, 128 
Gartner's duct, 282 
Gastric glands, 78 

secretion, 81 

surface of spleen, 293 



Gostro-colic omentum, 73, 125, 324 
Gastro- hepatic omentum, 73, 125, 323 
Gastro-phrenic ligament, 73, 322 
Gastro- pulmonary system, i 
Gastro-splenic ligament, 322 

omentum, 69, 74, 295, 322. 323 
Gawronsky on nerves of ovary, 2S2 
Gegenbaur on laryngeal cartilages, 151 

on plica fimbriata, 4 
Genital corpuscles, 243 
Genitals, external, 253 

internal, 253 
Germ, common dental, 39, 40, 41, 48, 50 
enamel, 39 

special dental, 40, 41, 43, 49, 50 
Germinal epithelium, 274 

spot, 280 

vesicle, 280 
Gianu27i, crescents of, 20 
Gibb on cartilages of Wrisberg, 149 
Gingivae (gums), 3 
Giraldes, organ of, 234, 282 
Gland or Glands, admaxillary, 19 

acminated, 95 

of alimentary canal, i 

ante-prostatic, 247 

of Bartholin, 256 

of bladder, 213 

of Hlandin, 9 

of bronchial tubes, 182 

of Brunner, 93, 9{, 100 

buccal, 3 

cardiac, 79 

carotid, 293, 317 

of cervix uteri, 266 

circum-aual, 116 

of circum vallate papillae, 6, 9 

coccygeal, 293, 317 

of Cowper, 218, 246, 247 

ductless, 293 

of Duverney, 256 

epiglottic, 157 

fundus, 79 

of gall-bladder, 137 

gastric, 78 

labial, 3 

of large intestine, 106 

of laryngeal pouches, 156 

of larynx, 157 

lingual, 9 

of Littre, 247 

mammary. See Mammary olaxd. 

molar, 3 

of mouth, I, 3 

mucous, 19 

of liver ducts, 136 

of nipple and areola, 286 

of a*80phagus, 66 

oxyntic ^hivi, Rcid), 79 

parotid, 15 

of penis, 238 

ofPeyer, 93, 95 

of pharynx, 62 

prostate, 218, 247 

pyloric, 78 

retrolingual, 19 

salivary, 15 

literature of, 23 
structure of, 17 

serous, 19 

of Serres, 42 

of small intestine, 93 
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Gland or Glands — continued, 

of w)ft palate, 13 

solitary, 93, 94 

of stomach, 78 

sublingual, IS, 17 

submaxillary, 15, 16 

of thymus. See Thymus gland. 

of tongue, 5, 9 

of tonsil, 61 

of trachea, 166, 167 

of Tyson, 238 

of ureter, 205 

of urethra, 247, 258 

uterine, 265, 267, 268 

of uterus masculinus, 246 

of vagina, 260 

of vas deferens, 233 

of vulva, 256 
Glandula coccygea, 318 

socia parotidis, 15 
GlandulsB carotic«, 317 

odoriferse, 238 

parathyroidese, 314 
Glans clitoridis, 255 

penis, 236 
Gley on parath>roids, 314 
Glisson, capsule of, 127, 129 
Globule, terminal, 225 
Globuloid body, 225, 226, 229 
Globus major, 222 

minor, 222 
Glomerulus (dim. of glomus^ skeiu), 202 
Glosso-epiglottic folds, 5, 149 

fosaas, 5 

sinuses, 5 
Glottis {y\wmsy mouth-piece of musical pipe), 

152, 154 
Glycogen, 133 

Goblet-cells, 92, 94, 107, 167 
Goppert on laryngeal cartilages, 151 
Golgi on uriniferous tubules, 197 
GocKisir on development of teeth, 53 
Graafian follicles, 273, 275, 281 
fibrous wall of, 278 
structure of, 276 
Granular layer ot dentine, 34 
Granules, spermatic, 230 
Griffiths on muscular coat of bladder, 213 

on middle lobe of prostate, 249, 250 

on pelvic splanchnics, 215 
Grinders, 28 

Gross on weight of prostate, 250 
Gubaroffon cardia, 72 
Gubernaculum (rudder) dentis, 48 
Guinea-pig, fat-absorption in, 93 

salivary alveoli of, 19 

subserous layer of pleura of, 174 
Gullet, 1, 64 
Gums, 3 



Hard palate, 1 1 

Hare, vermiform appendix of, 1 10 
Hassall on capsule of uriniferous tubules, 
198 
concentric corpuscles of, 308, 315, 318 
Haase on position of ovary, 272 

ramification of bronchi, 179 
Head of epididymis, 222 

pancreas, 139 

spermatozoon, 225, 229 
Head-cap of spermatozoon, 225, 226, 230 



Heidenhain on bile-ducts, 135 
fat-absorption, 93 
mammary gland, 287 
salivary secretion, 20 
Holicine (cAi|, spiral) arteries, 241 
Henle, on capacity of bladder, 206 
ejaculatory duct, 235 
looped tubule of, 197, 198 
on muscles of larynx^ 162 
Hepatic artery, 126, 130, 131 
canals, 129 
capillaries, 131 
cells, 132 
duct, 127, 128 
flexure, 112, 322 
lobules, 129 
veihs, 127, 132 
Hepato-cystic ducts, 128 
Hepato-renal ligament, 322 
Hertwig on reduction of chromosomes in sper- 
matic cells, 228 
Heterodont (crcpos, different ; oMs, tooth) den- 
tition, 24 
Hilum (mark of attachment on concave side of 
beau) of kidney, 192 
of lung, 175 
of ovary, 272 
of spleen, 293 
of suprarenal capsule, 302 
His on foramen csecum, 8 

fossa supra- tonsillaris, 60 
lymphatics of thymus, 309 
position of ovary, 272 
Historical account of dental development, 53 
HoU on ureter, 204 
Homodont {6ti6s, same ; o8o^f, tooth) dentition, 

24 
Homologies of teeth, 29 
Horse, suprarenal of, 304 
Horse-shoe kidney, 192 
Hour-glass stomach, 75 
HUrthle on thyroid body, 313, 314 
Hydatid {hydcUiSt water-coloured gem) of Mor- 

gagni, 222, 271 
Hymen (v/a^i^, membrane), 253, 258 
Hyo-epiglottic ligament, 149 
Hyparterial (6ir^, below) branches of bronchus, 

178 



Ileo-coscal or ileo-colic fold, 1 1 1 

fossa. III 

orifice, no 

valve, no 
Ileum (etXew, wind about), 86, 102, 321 
Imperforate hymen, 258 
Impressio (impression) coUca, 124 

duodenalis, 124 

reualis, 124 

suprarenalis, 123 

vesical is, 124 
Incisive pad, 13 

Incisor {iiicido^ cut) teeth, 24, 26, 30, 49, $1 
Incremental lines, 34 
Index, dental, 25 
Infundibula, pulmonary, 181 

renal, 193 
Infundibuliform fascia, 219 
Infundibulum (funnel) of Fallopian tul)e, 270 
Inguinal {ingiicn^ groin) canal, 218 

mamaiffi, 291 
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Insectivora, mammary glands of, 290 
Inter-alveolar cell-islets of pancreas, 145 
intercalary ducts of pancreas, 142 
salivary, 21 
tube of kidney, 199 
I ntercolumnar fascia, 2 1 9 
Interglobular spaces, 34, 44 
Interlobular branches of hepatic artery, 131 

portal veins, 130 
Intermediate cells of seminal tubes, 227 
Interpleural ligament, 173 
Intersii^oid fossa, 113, 326 
Interstitial cells of ovary, 274, 278, 281 

testis, 230 
Intertubular dentinal substance, 34 
Intestine, large, •!, 103 

blood-vessels of, 108 
divisions of, 108 
lymphatics of, 108 
mucous membrane of, 106 
nerves of, 108 
structure of, 105 
small, I, 86 

age and sex variations of, 103 
blood vessels of, 97 
divisions of, 100 
glands of, 93 

lymphatics of, 88, 90, 96, 98 
mucous membrane of, 87 
nerves of, 99 
structure of, 86 
villi of, 89 
Intestines, literature of, 117 
Intestinum (gut) csecum (blind), 108 

rectum (straight), 1 1 3 
Intralobular or central hepatic veins, 130, 131, 
132 
salivary ducts, 21, 22 
Intrinsic tongue- muscles, 9 
Irregular tubule of kidney, 197, 198 
Islands of dental epithelium, 42, 47 
Isthmus of Fallopian tube, 269 
faucinm, i, 59 
of thyroid body, 311, 312 

cartilage, 147, 148 
uteri, 262 
Ivory, 31 



Jaws, changes in, during dentition, 52 
Jejunum (empty), 86, 102, 321 
Jonnesco on peritoneal fosste, 326 
Jttuctional tubule, 197, 199 



Kanthack on foramen caecum, 9 
Kazzander on valvulte connivontes, i 
Kerato-cricoid muscle, 160 
Kerkring, valves of, SS 
Kidneys, 189, 321, 322, 323 

bloodvessels of, 201 

capsule of, 190, 192, 202 

excretory apparatus of, 193 

floating, 192 

hilum of, 192 

lobules of, 194 

lymphatics of, 203 

moveable, 192 

muscular fibres of, 192 

nerves of, 203 



Kidneys —eoTttinued, 
stroma of, 204 
structure of, 192 
varieties of, 192 
Kieman on aberrant biliary ducts, 136 
Killian on pharyn^al bursa, 57 
Kisselew on hepatic lymphatics, 136 
Klein on capsule of uriniferous tubules, 198 
intercalary salivary ducts, 21 
lining membrane of uriniferous tubes, 

200 
parietal cells, 81 
Kohn on parathyroids, 314 
thymus tissue, 309 
Kolliker on development of teeth, 53 

position of ovary, 272 
Korolkow on nerves of liver, 136 
Krause on size of ovary, 271 
Kupffer on bile-canalicuU^ 134 



Labia (lips) majora, 253 

minora, 253, 254 
Labial glands, 3 
Labio-dental strand, 39 
Labyrinth of renal cortex, 196 
Lac teals {lac, milk), 88, 90, 96, 98 
Lacuna (hollow) magna, 247 
Lacunie, urethral, 247 
Lafforgue on vermiform appendix, 1 10 
Lamina (layer, plate), aentai, 39. See also 

Dental germ, common. 
Langendorff on cells of thyroid, 313 
Langer on bloodvessels of penis, 241 
Langerhans on centro-acinarcells of pancreas, 143 
Langley on salivary secretion, 21 
Larval epithelial teeth, 38 
Laryngeal pouches, 156 

cartilages, 146, 149, 150 
mori)hology of, 151 

part of pharynx, 57, 61 
Larynx {Xdpvy^), 146 

bloodvessels of, 157 

cartilages of, 146, 149, 150 

during deglutition, 162 

in foetus, 149 

interior of, 152 

joints of, 151 

iaryngoscopic appearances o*", 153 

ligaments of, 151 

literature of, 187 

lymphatics of, 158 

mucous membrane of, 156 

muscles of, 158 

nerves of, 158 

at puberty, 150 

saccules of, 152 

sexual diflerences of, 150 

superior aperture of, 153, 162 

ventricles or sinuses of, 152, 154, 156 

vestibule of, 152 
Lateral recess of pharynx, 57 
Layer, basal, of dental pulp, 31 

granular, 34 
Leopard, subserous layer of pleura of, 174 
Leopold on uterine mucous membrane, 265 
Levator cushion, 57 

glanduhe thyroidete, 312 
Lieberkuhn, crypts of, 93, 106 
Lienculi {lien, spleen), 297 
Lieno-renal ligament, 295 
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Ligament or LagamentR, of bladder, false, 115, 
208, 211 
true, 208, 210, 211 
broad, of liver, 121, 125 

of uterus, 262, 264, 267, 321 
of colon, 106 
of Cooper, 287 
coronary, 125, 321 
costo-colic, 113, 322 
crico-arytenoid, 152 
falciform, 121, 125, 321 
gastro-phrenic, 73, 322 
gastro-splenic, 322 
nepato^renal, 322 
hyo-epiglottic, 149 
interpleural, 173 
of larynx, 151 
lieno-renal, 295 
of liver, 125, 321 
of ovary, 264, 272 
phreno-colic, 113, 322 
recto-vaginal, 263 
round, of liver, 125 

of uterus, 264, 267 
suspensory, of clitoris, 255 

of diaphragm, 170 

of liver, 125 

of penis, 238 
thyro-arytenoid, 152 
thyro-epigjlottic, 149 
thyro-hyoid, 151 
thyroidbody, 312 
utero-sacral^ 263 
of uterus, 263 
of viscera, 69 
Ligamentum infandibulo-pelvicum, 272 
latum pulmonis, 170, 177 
suspensorium ovarii, 272 

vesicae, 211 
Lines, coloured, of enamel, 35 
incremental, 34 

oblique of thyroid cartilage, 147 
of Schrejcer, 33 
Lingual glands, 9 

muscle, external perpendicular, 10 

inferior, 9 

superficial, 9 

transverse, 10 

vertical, 10 
tonsils, 5 
Lining cells of seminiferous tubules, 226 
Lion, subserous layer of pleura of, 174 
Lips, 2 

Liquor folliculi, 275, 278 
Literature of alimentary canal, 69 

carotid gland, 318 

coccygeal gland, 318 

female reproductive organs, 283 

intestines, 117 

liver, 138 

male reproductive organs, 25a 

mammary gland, 292 

mouth, tongue and palate, 14 

oesophagus, 67 

pancreas, 145 

parathyroids, 315 

peritoneum, 69 

pharynx and tonsil, 62 

respiratorv organs, 187 

sahvary glanos, 23 

spleen, 301 

stomach, 85 



Literature — contimied. 

suprarenals, 306 
teeth, S3 
thymus, 309 
thyroid, 315 
unnary organs, 216 
Littre, glands of, 247 
Liver, i, 121 

accessory, 128 
bloodvessels of, 126 
excretory apparatus of, 127 
fissures of, 124 
j of infant, 128 

i ligaments of, 125, 321 

literature of, 138 
< of lower animals, 134 

I lymphatics of, 127, 136 

I nerves of, 127, 136 

structure of, 129 
Lobe or Lobes, azygos, of lung, 178 
caudate, of liver, 121, 122 
I of epididymis, 232 

I liver, 121 

I mammary gland, 288 

' lung, 175, 177, 178 

I accessory, 176 

I prostate, 248 

I quadrate, of liver, I2X, 124 

ofSpigelius, 121, 122 
thymus, 307 
thyroid, 311 
j Lobular bronchiole, 181, 183 
I Lobules, hepatic, 129 
of kidney, 194 

testis, 223, 224 
thymus, 307 
Lobulus Spigelii, 121, 122 
■ Lobus impar (uneven, odd), of lung, 176 
Lockwood, on mesentery, 103 
peritoneal fossee, 1 1 1 
Longitudinal fissure of liver, 124 
Looped tubule, 197, 198 
Loven on lymphatics of stomach, 83 
Ludwig on lymphatics of kidney, 203 
Lungs, 146, 169, 174 
alveoli of, 181, 183 
bloodvessels of, 185 
dimensions of, 180 
distribution of bronchi in, 177 
of foetus, 181, 184 
literature of, 187 
lobes of, 177, 178 
lymphatics of, 186 
nerves of, 187 

physical properties of, 180, 181 
root of, 169, 17s, 176 
structure of, 181 
Lnnulse (dim. of luna, moon), 20 
Luschka on bladder, 206 
cartilage of, 155, 161 
on pharyngeal bursa, 57 
pleura, 171, 172 
urachus, 209 
vas aberrans, 233 
Lymphatics of bladder, 215 
bronchi, 167 
bronchial tubes, 186 
gall-bladder, 137 
kidney, 203 
large intestine, 108 
larynx, 158 
liver, 127, 136 
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Lymphatics — continued. 
lungs, 1 86 

luammary gland, 290 
cesophagus, 66 
pancreas, 145 
parotid gland, 16 
penis, 243 
pleura, 174 
prostate, 250 
rectum, 117 
salivary glands, 22 
scrotum, 221 

small intestine, 88, 90, 96, 98 
spleen, 300 
stomach, 83 
suprarenals, 305 
testis, 230, 236 
thymus, 309 
thyroid, 313, 314 
tong|ue, 6, ii 
tonsil, 60 
trachea, 167 
uterus, 265, 268, 269 
vulva, 257 
Lymphoid follicles of large intestine, 108 

liver, 136 

lungs, 187 

pharvnx, 62 

small intestine. See Solitary 
Glands and Peyer's Gland«. 

hplcen, 299, 300 

stomach, 82 

tongue, 5, 9 

tonsil, 60 

trachea, 167 

ureter, 205 



Macula gemiinativa (germinal spot), 280 
McCormick on epiglottis in swallowing, 162 
Maeitot on cement organ, 47 
Malpighi, glomerulus of, 202 

pyramids of, 192, 194 
Malpighian corpuscles of kidney, 197 

spleen, 299 
Mamma (breast), 285 
Mamm» erraticte. 291 
Mammals, typical dentition of, 24 
Mammary area, 291 
gland, 285 

blooifvessels of, 290 

development of, 291 

in lactation, 287, 290 

literature of, 292 

lobes of, 288 

lymphatics of, 290 

of male, 290 

nerves of, 290 

in pregnancy, 291 

structure of, 206 

supernumerary, 29! 

varieties in, 290 
Mammilla (teat), 285 
Marginal cells, 20 
Marshall on thyroid gland, 312 
Marsupials, dentinal tubules of, 33, 35 

dentition of, 30 
Matrix, dental, intertubular, 34, 44 
Meatus (passage) uiiuarius, 236, 258 
Meckel's diverticulum, 103 



Mediastinal pleura, 170 

space, 169 
Mediastinum {per medium tensum^ stretched 
throughout the middle), anterior, 169 
middle, 169 
posterior, 169 
i superior, 169 

testis, 222 
I thoracis, 168 

I Medulla of thymus follicles, 308 

Medullary part of muscle-substance of tongue, 
I II 

rays, 196 
I substance of kidney, 192 

i supra-renal capsule, 304 

! Me^dont (Mn<u, large ; oiois^ tooth) races, 25 
! Meissner, plexus of, 100 
' Membrana adamantinse, 43 
I granulosa, 278, 281 

prefonnativa, 44 
propria of Graafian follicles, 278 
Memorane, crico- thyroid, 151 
of Nasmyth, 36, 46 
striated, 279 
thyro-hyoid, 151 
vitelline, 280 
Membranous portion of urethra, 243, 246 
Menstruation, uterus during, 267 
Mesenteric border, 86 

Mesentery {iii<rov^ middle ; tvr^pov^ entrail — ^the 
word signifying any of the abdominal con- 
tents and not only the bowel), 69, 86, 103, 
321 
Meso-appendix, 109 
Meso-colon, ascending, 112 
descending, 113 
sigmoid, 69, 113, 321 
transverse, 69, 112, 113, 323 
Mfcsodont (/ifVof, middle ; Siois, tooth) races, 25 
Meso-gastrium (700-1^^, belly), 324 
Meso-nephron {if9^p6s, kidney), 192 
Meso-rectum, 69, 115, 321 
Mesoi-chium (^px"> testicle), 220 
Meso-salpinx {adXwiy^, trumpet), 264 
Microdont {twcp6s, small ; ^Soi^s, tooth) races, 25 
Middle-piece of spermatozoon, 225, 226, 229 
Milk, 291 
MUk-teeth, 24, 29, 30, 33, 37, 40 

eruption of, 49 
Molar glands, 3 

{molo, grind) teeth, 24, 28, 30, 40, 49, 50, 51 
Mole, development of mamnite of, 291 
Mongolians, dental index of, 25 
Monkey, azygos lobe of, 178 
Mons Veneris, 253 
Morgagni, hydatid of, 222, -271 
Morphology of laryngeal cartilages, 151 
Morsus diaboli (devil's-lnte ; name of the plant, 
Scabiosa succvta^ \o the root of which the ex- 
tremity of the Fallopian tube was likened), 270 
Mouse, corpus luteum of, 281 

spermatozoa of, 225 
Mouth, I 

literature of, 14 
Moveable kidney, 192 
Mucigen, 20 
Mucin-cells, 20 
Mucous alveoli, 19 

Mucous membrane of bladder, 2x2, 213, 215 
of bronchial tubes, 182 
of Fallopian tube, 271 
of gall-bladder, 137 
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Mucous membrane — continued. 
of gums, 3 
of hard palate, 1 1 
of large intestine, 105, 106 
of larjnx, 156 
of lips, 3 
of mouth, 3 
of cBsophagus, 66 
of pharynx, 62 
of rectum, 115 
of small intestine, 86, 87 
of soft palate, 13 
of stomach, 76, 77 
of tongue, 4 
of trachea, 166 
of ureter, 193, 205 
of urethra, 246, 258 
of uterus, 264, 265, 267, 268 
of vagina, 259 
of vulva, 256 
Mucus cells, 92, 94, 107 
Mailer on eUipsoids, 300 
Multicuspidato {mulli, many ; cuHjfis, point) 

teeth, 29 
Mummery on dentinal substance, 34 
Muscle of Muscles, arytenoid, 158, 162 
aryteno-epiglottic, 158, 162 
cremaster, 219 
crico-arytenoid, lateral, 158, 160 

posterior, 158, 159 
crico- thyroid, 158 
kerato-cricoid, 160 
of larynx, 158 

lingnal. See Lingual muscle. 
recto- coccygeal, 115 
thyro-arytenoid, 158, 161 
thyro-epiglottidean, 161 
of tongue, 9 
Muscular bands of colon, 106, 108 
coat of bladder, 213 

large intestine, 105, 106 
tesopliagus, 65 
rectum, 115 
small intestine, 86 
stomach, 76 
ureter, 193, 205 
fibres of bile-ducts, 135 

bronchial tubes, 183 
kidney, 192 
pleura, 173, 174 
spleen, 298 
trachea, 166 
process of arytenoid cartilage, 149 
substance of prostate, 249 
tongue, II 

nterus, 264, 267, 268 
tunic, inner, of testis, 222 
Muscularis mucose of large intestine, 108 
oesophagus, 66 
small intestine, 88, 91 
stomach, 81 
uterus, 264, 265 
Musculi pubo-vesicales, 213 
Musculus suspensorios duodeni, 102 



Nares (nostrils), posterior, 57 
Nasal part of pharynx, 57 
Nasmjrth's membrane, 36, 46 
Nflso-pslatine foramina, 13 
Naso-pharynx, 57 
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Neck of bladder, 208 

Fallopian tube, 269, 270 
gall-bladder, 127 
pancreas, 139, 140 
spermatozoon, 226 
tooth, 26, 30 
uterus, 260, 265, 268 

Nerves of bladder, 215 
bronchi, 167 
bronchial tubes, 187 
dental pulp, 31 
female urethra, 258 
gall-bladder, 137 
kidney, 203 
large intestine, 108 
larynx, 158 
liver, 127, 136 
lungs, 187 

mammary gland, 290 
oesophagus, 66 
ovary, 282 
papillffi of tongue 8 
pancreas, 14^ 
parotid gland, 16 
penis, 239, 243 
prostate, 250 
rectum, 117 
salivary glands, 22 
scrotum, 221 
seminal vesicles, 235 
small intestine, 99 
spleen, 301 
stomach, 82, 84 
sublingual gland, 17 
submaxillary gland 17 
suprarenal capsules 305 
testis, 230, 236 
thymus, 309 
thyroid, 314 
tongue, 8, II 
tonsil, 60 
trachea, 167 
ureter, 205 
uterus, 268, 269 
vagina, 260 
vulva, 257 

Newt, spermatozoa of, 226 

Nipple, 285, 290, 291 

Notch, thyroid, 147 
umbilical, 121 

Nuck, canal of, 220, 264 

Nucleus of ovum, 280 
spermatozoon, 225 

Nymphae, 254 



Oblique line of thyroid cartilage, 147 
Odontoblasts {d9o^s, tooth ; fiXaarSs, germ), 31 

44, 46 
Oesophageal glands, 66 
(Eiiophagus {otata, carry ; ^a^cTy, cat), 64, 32 2, 

323 
literature of, 67 
mucous membrane of, 66 
nerves of, 66 
structure of, 65 
vessels of, 66 
Ogata on zymogen granules, 1 44 
Omental tuberosity of liver, 1 22 
pancreas, 140 
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Omentum (conti-action of operwxentiim, coverlet) 
W of, 323 . 

colicum, 324 

of foetus, 324 

gastro-colic, 73, 324 

gastro-hepatic, 73, 125, 323 

gastro-splenic, 69, 74, 295, 322, 323 

great, 69, 73, 324 

small, 69, 73, 125, 321, 323 
Oral part of pharynx, 57, 59 
Organ or Organs, cement^ 47 

of digestion, i 

enamel, 43 

of Girald^, 234, 282 

reproductive. See Rei'RODUctive Organs. 

respiratoiy, 146 

literature of, 187 

of RosenmUller, 282 

urinary, 188 

literature of, 216 

of voice, 146 
Organon adamantinse, 43 
Orifice, cardiac, 71, 72 

common, of bile and pancreatic ducts, 102 

of Fallopian tube, 270 

ileo-caecal or ileo-colic, no 

of larynx, superior, 153, 162 

pyloric, 71, 84 

of ureter, 212 

urethral, of bladder, 211, 212 
external, 236, 256 

of utenis, external, 260, 266, 268 
internal, 262, 268 

of vagina, 256 
Omithorhynchus, thyroid cartilage of, 151 
Os tincae (tench's mouth), 260 
Os uteri externum, 260, 266, 268 

internum, 262, 268 
Osborne on phylogeny of teeth, 29 
Osteoclasts {hariov, bone ; kKwu, break In pieces), 

SO 
Osteodentine, 37 
Ostium (month) abdominale, 270 

uteri, 262 
Ova, 273, 274, 278 
Ovarian fimbria, 270 
Ovary, 253, 264, 271 

bloodvessels of, 281 

cell-nests of, 276 

descent of, 273 

Graafian follicles of, 273, 275 

ligament of, 264 

nerves of, 282 

peculiarities of, with age, 272 

position of, 272 

stroma of, 273, 275 

structure of, 273 

varieties of, 272 
Oviducts, 269 
Ovula Nabothi, 266 
Ox, bronchi of, 178 

spleen of, 298 
Oxyntic (^vs, acid) cells, 80 

gknds, 79 



Pacinian corpuscles, 22, 117, 243, 250, 290 
Pad, incisive, 13 
Palatal rugae, 1 1 

Palate {patatus, roof of mouth), 1 1 
hard, ii 



Palate — continued. 

literature of, 14 

soft, 13, 57 
Palatine arches, 59 

Palmse plicatse (folded palm-branches), 262 
Pampiniform {painpinu^f tendril ; forma, shape) 

plexus, 221, 2^6, 282 
Pancreas (voy, all ; Kpiasy flesh, glandular flesh), 

I, 139, 323 
accessory, 142 
bloodvessels of, 145 
lesser, 142 
literature of, 145 
lymphatics of, 145 
nerves of, 145 
structure of, 142 
varieties of, 142 
Pancreatic canaliculi, 144 
cells, 142 

duct, 100, 102, 141, 142 
accessory, 142 
Papilla (nipple) or Papillae, of cervix uteri, 
265 
circumvallate, 5> ^ 
conical, 5, 6 
dental, 39, 41, 44 
filiform, 8 
foliatsB of rabbit, 8 
funnform, 5, 6 
of glans penis, 238 
I kidney, 192, 193 

labial mucous membrane, 3 
, nipple, 286 

I oesophageal mucous mem- 

\ braue, 66 

I palatina, 11 

I of pharyngeal mucous mem- 

I brane, 62 

tongue, 5, 9 
! secondary, 6, 8 

vaginal mucous membrane, 
260 
Paradidymis {trapii, by the side of; 8<9v/AOf, 

testicle), 2^4 
Para-duodenal fossa, 326 
Paranucleus, 143 
Parathyroids, 293, 314 

literature of, 315 
Parenchyma-cells of thyroid, 313 
Parietal cells, 80 
Paroophoron {leap^ by the side of ; Mv, egg ; 

^4pm, cany)» 282 
Parotid (vopd, beeide ; oh^ oar) duct, 15, 16 
gland, IS 

alveoli of, 19 
varieties of,- 16 
Parovarium (to/mI), 282 
Pars intermedia of bulb of vestibule, 255 
respiratoria, 156 
vo^alis, 156 
Parturition, uterus after, 268 
Passage, alveolar, 181 
Patch, Peyer's, 95 
Pavilion, 270 
Pectoral mammae, 291 
Pelvic portion of abdomen, 68 
Pelvis (basin) of kidney, 193, 204 
Penile portion of urethra, 243, 246 
Penis (Latin, akin to 'vioi, and so connected 
with drv(w, marry), 236 
bloodvessels of, 239, 240 
corj)ora cavernosa of, 236, 239 
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Veuis— continued, 

corpus spongiosum of, 236, 241 

lymphatics of, 243 

nerves of, 239, 243 
Peptic cells, 80 
Pericardial pleura, 173, 174 
Periosteum, dental, 25, 37, 47 
Peritoneal coat of bladder, 213 

fossae or pouches, iii, 325 
Peritoneum (»*piT6i>«, stretch all over), 68, 69, 

*' r 3^^ r ' 

fOSSffi of, 1 1 1 

literature of, 69 
Permanent teeth, 24, 26, 29, 41, 49, 51 
eruption of, 51 
superadded, 50 
Peyer's glands, 93, 95 

patch, 95 
Pfaundler on vessels of suprarenals, 305 
Pfltiger on bile-oanaliculi, 134 
Pharyngeal aponeurosis, 6 1 

bui-sa, 57 

diverticula, 61 

tonsil, 57, 62 
Pharynx {<pipvy^, throat), 57 

attachments of, 61 

literature of, 62 

mucous membrane of, 62 

structure of, 61 
Phrenic surface of spleen, 293 
Phrcno-colic ligament, 113, 322 
Phylogeny of mammalian teeth, 29 
Pig, duct of Gartner of, 282 ' 

hepatic lobules of, 129 
lymphatics of, 136 

parietal cells of, 81 

spleen of, 298 
Pigeon, nerve-endings in liver of, 136 
Pleura (vAcv^, rib), 146, 168, 169 

bloodvessels of, 174 

cervicalis, 170, 172 

costalis, 170, 174 

diaphragmatis, 170, 174 

lymphatics of, 174 

mediastinalis, 170 

muscular fibres of, 174 

pericardial, 173, 174 

pulmonalis, 169, 174 
. utructure of, 174 
Plexus of Auerbach, 100 
Meissuer, 100 
myentericus, 100 
pampinifoim, 22^, 236, 282 
spermatic, venous, 221 
Plica fimbriata (fringed fold), 4 

salpingo-pharyngea, 57 

semilunaris, 321 

transversalis recti, 116 
Plica recti, 115 

Polymastic (iroAiJj, many ; ftatrrrfj, breast) mam- 
mals, 291 
Pomum Adami (Adam's apple, properly pmnum 
viri, Adami being a mistranslation of Arabic 
adam, man, vir), 147, 150 
Pons (bridge) hepatis {hepar, liver), 125 
Porpoise, parietal cells of, 8 1 
Porta (gate) hepatis, 126 
Portal canals, 129 

fissure, 124 

vein, 126, 130 . 
Pdrtio ary-vocalis of thyro arytenoid muscle, 161 
Post-nasal space, 57 ' 



Pouch of Douglas, 263, 321 

i-ecto- vaginal, 321 

recto-vesical, 115, 210, 321 

utero- vesical, 211, 262, 263 
Pouches, laryngeal, 156 

peritoneal, iii, 325 
Poucnet on development of tet^ili, 53 
Pregnancy, uterus during, 267 
Premolar teeth, 24, 27 
Preuant on parathyroids, 315 
Prepuce {prccputitim, akin to TrpowSaSioy = 
aKpoir6a0ioy, extremity of penis), 236 

of clitoris, 255 
Principal cells, 80 . 

Prisms of enamel, 35, 43, 45 
Process, muscular, of arytenoid cartilage, il^9 

of Tomes, 45 

vocal, of arytenoid cartilage, 149, 152 
Processus vaginalis peritonei, 220 
Prostate (wpoiffrafun, stand before) gland, 218, 

247 . 

anterior, 247 

bloodvessels of, 250 

literature of, 250 

lobes of, 248 

lymphatics of, 250 

nerves of, 250 • • , 

peculiarities of, according to age, 250 

secretion of, 250 

structure of, 249 
Prostatic ducts, 244 

portion of urethra, 212, 243 

sinus, 244 

utricle, 244, 249 
Pseud-arteriffi rectae, 202 ' 

Pubic surface of bladder, 208 
Pudendum {pudeOj feel shame), 253 
Puech on weight of ovary, 271 
Pulmonary alveoli, 181, 183 
of fnjtus, 184 

pleura, 169, 174 

veins, 186 
Pulp-cavity, 30, 32, 37 
Pulp, enamel, 43 

splenic, 296, 298, 300 

of teeth, 30, 40, 44 
Purser on double gall-bladder, 128 
Pyloric glands, 78 

orifice, 71, 72, 84 

sphincter, 76, 84 
Pylorus (7rv\Mp6sy gate-keeper), 71, 72^ 76, 84 
Pyramid of thyroid body, 311 
P3Tamids of Malpighi, 192, 194 



Quadrate lobe, 121, 124 

Qu<^nu on hs^morrhoidal plexus, X17 



Rabbit, development of mammse of, 291 
hepatic cells of, 133 
innervation of trachea of, 167 
papilla foliatu of, 8 
salivary alveoli of, 19 
vermiform appendix of, 1 10 
; Rainey on pulmonary capillaries, 185 
j Ramihcation of bronchi, 177 
', Ransshoff on vermiform appendix, 109 
Ranvier on retro-lingual gland, 19 . 
Raphe (^a^^, seam) of palate, 11, 13 
scrotum, 219 • > • "'* 
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Eat, fitt-absorption in, 92 

spermatozoa of, 225 
Ranber on villi, 89 
Rays, medullary, 196 
Recess, lateral, of pharynx, 57 
Recessus pharyngeus medius, 57 
Rectal ampulla, 116 
Recto-coccygeal r* scles, 115 
Recto-vaginal liga .. i:nt, 263 

pouch, 321 
deal f * 



Recto-vesical folds, 21 1 

pouch, 115, 210, 321 
Rectum (so. inUstinum, straight bowel), 103, 
106, 113, 321 
bloodvessels of, 1 1 7 
columns of, 116 
fold^of, 115 
lymphatics of, 117 
nerves of, 117 
structure of, 115 
valves of, 115 

variations of, with age, 115 
Re^ons of abdomen, 68 
Reid on liver-weight, 121 
Renal surface of spleen, 293 
Repair, dentine of, 37 
Beproductive organs, female. 253 
literature of, 283 
male, 218 

literature of, 250 
Reptilia, teeth of, 29 

pulmonary capillaries of, 185 
Reserve cells, 313 
Respiratory bronchiole, 181 
organs, 146 

literature of, 187 
Rete (net) vasculosum testis, 230 
Reticular cells of splenic pulp, 298 
Retinacula (restraining oands) of ilco-cftcal 

valve, no 
Retro-lingual gland, 19 
Retro-duoidenai {reiro, behind) fossa, 326 
Retterer on ^lans penis, 242 
Retzins on biliary canaliculi, 135 

on o>iim, 279 
Ribbert on vermiform appendix, 1 10 
Ridge, basal, of incisor teeth, 27 
Rima (cleft) glottidis, 152, 154, 156 

oris, I 
Rivinus, ducts of, 17 
Rodents, enamel of, 35 

testes of, 220 
RoUeston on peritoneal fossae, in 
Bolasen on length of small intestine, 103 
Root of lung, 169, 17s, 176 
tongue, 3 

tooth, 26, 27, 28, 46 
Rc^ on dental cusps, 29 

dentinal sheaths, 33 
enamel-^ulp, 44 
larval epithelial teeth, 38 
phyloffeny of teeth, 29 
RosenrnttUer, lossa of, 57 

oi^an of, 282 
Roth on vasa aberrantia, 234 
Round ligament of liver, 125 
uterus, 264, 267 
Rug88 (wrinkles) of bladder, 212 
hard palate, 1 1 
oesophagus, 66 
scrotum, 219 
stomach, 77 



I Rugse of vagina, 259 

I Ruminants, cement-organ of, 47 

I 

. Sao, dental, 44, 47, 50 
Sacculated bladder, 213 
Saccules of larynx, 152 
Sacculi of large intestine, 105, 106 

rectum, 115 
Sacculus, vesical, 213 
Salamander, chromosomes of spermatic cells oi 

228 
Saliva (spittle), 15 
Salivary corpuscles, 61 
glands, I, IS 

alveoli of, 18, 22 
literature of, 23 
structure of, 17 
secretion, 20 
Sandstrom on parathyroids, 314 
Santorini, cartilages of, 149 
duct of, 142 

on thyro-arytenoid muscle, 162 
Schaffer on corpuscles of thymus, 309 
Schirmer on pancreatic duct, 142 
, Schultze on development of roammte, 29c 
I Schreger's lines, 33 

Scrotum (by transposition from icartuni, skin), 
I 218, 219 

, bloodvessels of, 220 

lymphatics of, 221 
I nerves of, 221 

septum of, 219 
skin of, 219 
Sea], subserous layer of pleura of, 174 
; Secondary dentine, 37 
• Secretion, gastric, 81 
salivary, 20 
Seminal duct, common, 233, 235, 244 
filaments, 225 
vesicles, 234 

bloodvessels of, 235 
nerves of, 235 
structure of, 235 
Seminiferous tubules, 224 

epithelium of, 226 
Septula renum, 192 

Septum pectinifoime (partition, from sqno, 
hedge in ; pecten, comb ; forma, shape), 
239. 255 
scroti, 219 
of tongue, II 
Serous alveoli, 19, 20 
ducts of, 21 
coat of bladder, 213, 215 
largo intestine, 105 
liver, 129 
small intestine, 86 
spleen, 296 
stomach, 76 
Serres, glands of, 42 
Sheath, dentinal, 33 

epithelial, of dental germ, 47 
Sheep, bronchi of, 178 

innervation of trachea of, 167 
lacteals of, 90 
spleen of, 298 



Shore on structure of liver, 135 
Sibson on muscle of cervical pleura, 173 
Sick on pleune, 171 

Sigmoid (C, a form of the letter oiytM, sigma ; 
ff22iof, shape) colon, 103, 113 
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Sigmoid flexure, 103, 113, 115 

meso-colon, 69, 113, 321 
Sinus (hollow) of kidney, 192 

pocularis {poeuluT/if cup), 244, 249 

prostatic, 244 

pyrifoi-mifl, 61 

of urethra, 246 
Sinuses of gnlactophorous ducts, 288 

glosso-epiglottic, 5 

of larynx, 154, 156 
Sobotta on corpora lutea, 281 
Soemmeriug on thyro-arytenoid muscle, 162 
Soft palate, 13, 57 
Solitary glands, 93, 94 
Space, mediastinal, 169 

post-nasal, 57 

uro-genital, 253, 256 
Spaces, interglobular, 34, 44 
Spear of spermatozoon, 226 
Special dental germs, 40, 41, 43, 49, 50 
Spermatic cord, 218 

blood-vessels of, 220 
coverings of, 219 

fascia, 219 

granules, 230 

plexus, venous, 221 
Spermatids, 227, 228 

Spermatoblasts {aw4p/M, semen ; fi^currdyw, 
grow), 227, 228 

chromosomes of, 228 
Spermatocysts, 227 
Spermatogenic cells, 227 
Spermatogonia {awdpiAa ; yiym^fuu, be bom), 

226 
Spermatozoa (C^o^ animal), 225, 228 

development of, 228 

literature of, 250 

structure of, 225 
Sphincter (flr^i7y«, bind) ani, internal, 117 

of pylorus, 76, 84 
uterine orifices, 265 

vaginie, 259 

vesicte, 213 
Spigelius, lobe of, 121, 122 
Spiral tubules of kidney, 197 198 
Spleen (<r»XV), 293, 322, 323 

accessory, 296 

bloodveMsels of, 299 

cells, 299, 300 

of infant, 296 

literature of, 30 x 

lymphatics of, 300 

nerves of, 301 

structure of, 296 
Splenculi, 296 
Splenic flexure, 112, 113, 322 

pulp, 296, 298, 300 
Spongy portion of urethra, 243, 246 
Spot, germinal, 280 
Stahel on trachea, 163 
Steiner on epithelium of vas deferens, 233 
Stensen, canals of, 13 

duct of, 16 
Stigma {trrlyfui, puncture), 278 
Stirling on pulmonary nerves, 187 
Stomach {ffrSftaxot, gullet), I, 71, 322, 323 

bloodvessels of, 82 

dimensions of, 75 

J [lands of, 78 
iterature of, 85 
lymphatics of, 83 
mucous membrane of, 77 



Stomach — contiuued, 
nerveri of, 84 
structure of, 76 
variations in position of 71 
of, with age, 75 
Straight tubules, 230 
Strand, connecting, of dental erms, 41 

labio-dental, 39 
btreckeisen on thyroid, 3x2 
Striated membrane, 279 
Stroma {trrpAtio, bed) of kidney, 204 
of mammary gland, 286 
of ovary, 273, 274 

cortical layer of, 275 
Strnthers on ileo-csecal valve, 11 1 
Stuart, A, on aperture of larynx, 154 
epiglottis in swallowing, 162 
Sub-ciccal fossa, xii 
Sublingual gland, 15, 17 
alveoli of, 19 
ducts of, 4, 17 
structure of, 17 
vessels and nerves of, 17, 22 
Sublobular hepatic veins, 130, 132 
Submaxillary gland, 15, 16 
alveoli of, 19 
ducts of, 4, 16, 17, 22 
structure of, 17 
vessels and nerves of, 17, 22 
Submucous coat of bladder, 213, 215 
cesophagus, 66 
largo intestine, 105, 106 
small intestine, 86 
stomach, 76 
Succession, teeth of, 49 
Sulcus (furrow) alveolo-labial, i 
alveolo-lingual, 4 
terminalis, K 
Summit of bladder, 208, 209 
Superadded permanent teeth, 50 
Supra-renal capsules, 293, 302 
accessory, 305 
bloodvessels of, 305 
function of, 305 
literature of, 305 
lymphatics of, 305 
nerves of, 305 
structure of, 303 
varieties of, 305 
Suspensory ligament of clitoris, 255 
liver, 125 
ovary, 272 
penis, 2^8 
ligaments of diaphragm, 170 
muscle of duodenum, 102 
Sustontacular cells of seminiferous tubules, 228 
Sustentaculum lienis (support of spleen), x 13 



TA.BLE of eruption of milk-teeth, 49 

permanent teeth, 51 
Taguchi on vocal cords, 155 
Tail of epididymis, 222 

pancreas, 139, 140, X42 
spermatozoon, 225, 226, 229, 230 
Taato-buds, 6, 8, 157 
Teeth, i, 24 

alveoli of, 48 
bicuspid, 24, 27, 30, 51 
canine, 24, 27, 30, 49, 51 
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Teeih— continued. 

condition of, at birth, 47, 5 1 

cuspidate, 27 

development of, 37, 49 

hard tissues of, 31, 44; 45, 46 

homologies of, 29 - 

incisor, 24, 26, 30, 49, 51 

larval epithelial, 38 

literature of, 53 

molar, 24, 28, 30, 40, 49. 50, 51 

multicnspidate, 29 

permanent, 24, 26, 29, 41, 49, 51 

premolar, 24, 27 

pulp of, 30, 40, 45 

special characters of, 26 

structure of, 30 

of succession, 49 

superadded permanent, 50 . 

temporary or milk, 24, 29, 30, 33, 37, 40, 

49 
wisdom, 28, 29j 51 
Teichmann on lacteals, 90 
Temporary teeth, 24, 29, 30, 3^, z7t 4© • 

eruption of, 49 
Terminal globule, 225 
Testis (testicle), 218, 221 
bloodvessels of, 223, 235 
coveringaof, 219 
descent of, 226 
ducts of, 218, 230 
interstitial tissue of, 230 
literature of, 250 . 
lymphatics of, 230, 236 
nerves of, 230, 236 
structure of, 222 
tubules of, 224, 226, 230 
Testut on weight of thymus, 308 
Thompson on prostate, 249 
Throat, I 
Thyro-arytenoiJ ligaments, 152 

muscle, 158, 161 
Thyro-epiglottic ligament, 149 
Thyro-epiglottidean muscle, 161 
Thyro-glossal duct, 8 - 
Thyro-hyoid ligaments, 151 

membrane, 151- 
Thyroid body, 293, 311 

accessor}', 312, 313 
bloodvessels of, 313 
of foetus and infant, 313 
ligaments of, 312 
literature of, 315 
lymphatics of, 313, 314 
nerves of, 314 
structure of, 312 
varieties of, 112 
Thyroid (tfwpeor, shield) cartilage, 146, 147, 150 

notch, 147 
Thymus corpuscles, jo8 

Thymus {d^ftos, the plant thyimiSy to the corymbs 
of whicn, probably, the gland was. 
likened) gland, 293, 307 
bloodvessels of, 309 
follicles of, 308 
literature of, 309 
lymphatics of, 309 
nerves of, 309 
structure of, 308 
Tip of tongue, 3 
Tomes on epithelial sheath, 47 
fibres of, 31, 44 
process of, 45 ' . 



Tongue, 3 * 

bloodvessels of, 1 1 

glands of, 9 

literature of, I4 

lymphatics of, 1 1 

mucous membrane of, 4 

muscular substance of, 9 

nerves of, 1 1 

septum of, 1 1 
Tonsillae or Tonsils, 59 

bloodvessels of, 60 

lingual, 5 

literature of, 62 

lymphatics of, 60 

nerves of, 60 

pharyngeal, 57, 62 

structure of, 60 
Tooth. See Teeth. 

Trabeculffi {trahs, beam) of corpora cavernosa, 
240 

of spleen, 296 
Trachea {dprripla Tpax*td, rough artery, so named 
from the irregularity of suifare due to the 
cartilages, compared with the smoothness 
of a bloodvessel, dprripia Afta, smooth 
artery), 146, 162 

bloodvessels of, 167 

cartilages of, 163, 1 65 

of foetus and infant, 163 

lymphatics of, 167 

mucous membiune of, 166 

muscular fibres of, 166 

nerves of, 167 

structure of, 165 
Transverse fissure, 124 
Treves ou infantile type of ciecum, 108 
length of mesentery, 103 

small intestine, 103 
Trigone itingonus, three-cornered), 212, 

213 

Trigouum vesicae, 212 

Tube or Tubes, bronchial. See Bronchial 

TUBES. 

collecting, 197, 199 

dentinal, 32, 44 

Eustachian, 57 

excretory uriniferous, 197, 200 

Fallopian, 253, 264, 269 

intercalary, 199 

uriniferous, 192, 195, 197 
Tuber (swelling) papillare, 122 
Tubercle of epiglottis, 149, 154 

of thyroid cartilage, inferior, 147 
superior, 147 
Tuberculum impar, » 
Tuberosity, omental, of liver, 122 

of pancreas, 140 
Tubules of kidney, convoluted, 197, 198, 199 

irregular, 197, 198 

iunctional, 197, 199 

looped, 197, 198 

spiral, 197, 198 

of testis, efferent, 230, 232 
seminiferous, 224 

epithelium of, 226 

luriniferous, 192, 195, 197 

epithelium of, 197 

Tubuli recti (straight tubules), 230 

uriniferi, 195 
Tulpius, valve of, 1 10 
Tunic, dartos, 219 

inner musculaf, of testis, 222 ' - - 
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Tunica albnginea {albugo^ whiteness) testis, 222 
ovarii, 274 
propria, of spleen, 296 
vaginalis, 219, 220 

testis, 220 
vasculosa, 224 
Turner, on furrows of liver, 128 

on position of incisor teeth, 25 
Tyson, glands of, 238 



Umbilical fissure, 121, 125 
notch, 121 
vein, 125 
Urachns {oupax6s), 209 

Ureters (oupirr^pcf, fr. ofyoy, urine ; Tiyp<», 
keep), 189, 193, 204 
nerves of, 205 
orifices of, 212 
structure of, 205 
varieties of, 204 
vessels of, 205 
Urethra {obfHfipcL, fr, odpop, urine), 189 
of female, 253, 258 
of male, 218, 243 

bulbous portion of, 246 
membranous portion of, 243, 246 
mucous membrane of, 246 
prostatic jiortion of, 212, 243 
sinus of, 246 
spongy or penile portion of, 243, 

246 
vesical orifice of, 211, 212 
Urinary bladder, 189, 206 

meatus, extemid, 236, 258 
organs, 189 

literature of, 216 
portion of urethra, 243 
Uriniferous tubules, 192, 195 

structure of, 197 
Uro-genital space, 253, 256 
portion of urethra, 243 
Uteniie glands, 265, 267, 268 
Utero-sacral ligament, 263 
Utero-vesical fold, 263 

pouch, 211, 262, 263 
Uterus {uter, leather ba^ or bottle), 253, 260, 

bloodvessels of, 268, 269 

cavity of. 262, 268 

after child-bearing, 268 

during gestation, 267 

ligaments of, 263, 321 

lymphatics of, 265, 268, 269 

during menstruation, 267 

masculinus, 244 

mucous membrane of, 264, 265, 267, 268 

nerves of, 268, 269 

after parturition, 268 

peculiarities of, according to age, 26S 

position of, 262 

structure of, 264 

varieties of, 268 

of virgin, 260 
Utricle, prostatic, 244, 249 
Uvula {uva, bunch of grapes) 13 

vesicce, 212 



Vagina (sheath), 253, 258, 321 
bloodvessels of, 260 
columns of, 259 



Vagina — cont iniuid, 

nerves of, 260 

structure of, 259 
Vallum (rampart), of circum vallate papillae, 6 
Valve or Valves of Bauhin, no 
of fossa navicularis, 247 
ileo-colic or ileo-csecal, 1 10 
of Kerkring, 88 
of rectum, 115 
ofTulpius, no 
Valvules conniventes {valvalce, folding doors ; 

conniveo, shut together), SS 
Vas (vessel) aberrans, 233 

adferens of glomerulus, 202 

efferens of glomerulus, 202 

deferens, 231, 232 
structure of, 233 
Vasa efferentia of testin, 230, 232 
Veins of bladder, 215 

of bronchi, 167 

of bronchial tubes, 186 

of corpus spongiosum, 242 

of gall-blaader, 127 

hepatic, 127, 132 

interlobular portal, 130 
of kidney, 202 

intralobular or centra] hepatic, 130, 131, 132 

of large intestine, 108 

of larynx, 158 

of lungs, 186 

of mammary gland, 290 

of Gssophagus, 66 

of ovary, 282 

of pancreas, 145 

of parotid gland, 16, 22 

of penis, 239, 240 

portal, 126, 130 

of prostate, 250 

of i-ectum, 117 

of scrotum and spermatic cord, 221 

of seminal vesicles, 235 

of small intestine, 90, 98 

of spleen, 299 

of stomach, 83 

of sublingual gland, 17, 22 

sublobular hepatic, 130, 132 

of submaxillary gland, 17, 22 

of suprarenal capsules, 305 

of testis, 236 

of thymus, 309 

of thyroid, 314 

of tong[ne, 11 

of tonsil, 60 

of trachea, 167 

of ureter, 205 

of urethra of female, 258 

of uterus, 269 

of vagina, 260 

of vulva, 257 
Veith on glands of vagina, 260 
Velum (siul or curtain) pendulum palati, 13 
Vena cava, fossa or fissure of, 125 
Venae interlobulares of kidney, 202 
rectae, 203 
stellatae, 202 
Venous arches of kidney, 201 
Ventricles of larynx, 152, 154, 156 
Vermiform (vermis, worm ; forma, shape) ap- 
pendix, 103, 106, loiS, 109, III, 321 
of lower animals, 1 10 
Verson on connection of duodenum and pan- 
creas, 102 
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Verumontanum {vera, spear ; nuy/UanuSf moun- 
tain), 244 
Vesica urinaria (urinary bladder), 206 
Vesical orifice of urethra, 211, 212 

sacculuB, 213 
Vesicle, gerniinal, 280 
Vesicles, seminal, 234 

of thyroid body, 313 
Vesicula prostatica, 244 
Vessels. See Artebies, Veins, Lymphatics. 
Vestibule of larynx, 152 
mouth, I 
vulva, 256 
Villi {villuSf tuft of hair), 87, 89, ill 
Viscera, abdominal, 68 

ligaments of, 69 
Visceral clefts, 57, 60, 61 
Vitelline membmne, 280 
Vitellus (yolk), 279 
Vocal cords, false, 152, 154 

true, 146, 152, 154, 155, 157 

process, 149, 152 
Voice, organs of, 146 

literature of, 187 
Vulva {vulva, womb), 253 

bloodve.ssel8 of, 257 

lymphatics of, 257 

mucous membrane of, 256 

nerves of, 257 
Vulval cleft, 253, 256 

mammse, 291 



Waldeyer on Graafian follicles, 277 
on position of ovary, 272 
on thymus, 309 

Weil on basal layer of dental pulp, 31 

Wharton's duct, 16, 17 

Whiting on ellipsoids, 300 

Williams on formation of enamel, 46 
on ostium abdominale, 270 

Winslow, foramen of, 323 

Wirsung, canal of, 141 

Wisdom-teeth, 28, 29, qi 

Womb, 26a See also Uterus. 

Wrisberg, cartilages of, 149 

Wylie ou vocal cords, 154 



Yolk, 279 
Yolk-granules, 279 



Zaunletste (dental lamina), 39 
Zawarykin on lymphatics of kidney, 203 
Zeissl on pelvic splanchnics, 215 
Zimmermann and Hamburger on pancreas, 142 
Zona fasciculata, 304 

glomemlosa, 304 

pellucida, 278 

radiata, 279 

reticularis, 304 
Zone, boundary, 197 

cortical, of testis, 224 
Zuckerkandl on dental cusps, 29 

on pulmonary veins, 186 
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By Professor THANE and Professor RICKMAN J. GODLEE, M.S. 
(To he shortly published as an Appendix to the whole xuork, ) 



RICHARDSON. THE ASCLEPIAD. A Book of Original Research in 
the Science, Art, and Literature of Medicine. By BENJAMIN WARD 
RICHARDSON, M.D., F.R.S. Published Quarterly, price 2s. 6d. Volumes 
for 18S4, 1885, 1886, 1887, 1888, 1889, 1890, 1891, 1892, & 1893. Svo, price 
i2s. 6d. each. 

SCHAFER. THE ESSENTIALS OF HISTOLOGY: Descrip- 
live and Practical. For the Use of Students. By E. A. SchAfkr, F.R.S., 
Jodrell Professor of Physiology in University CoII^e, London ; Editor of the 
Histological Portion of Quain's "Anatomy." Illustrated by more than 300 
Figures, many of which are new. Third Edition, Revised and Enlarged. 
8vo, js. 6d. (Interleaved, ioj.) 
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8CHENK. MANUAL OF BACTERIOLOGY. For PractiUoneis and 
Students. With especial reference to Practical Methods. By Dr. S. L. 
SCHENK, Professor (Extraordinary) in the University of Vienna. Trans- 
lated from the German, with an Appendix, by W, R. DAWSON, B.A., 
M.D., Univ. Dub. ; late University Travelling Prizeman in Medicine. With 
loo Illustrations, some of which are coloured. 8vo, lox. net. 



SMALE AND COLYER. DISEASES AND INJURIES OF 

THE TEETH, including Pathology and Treatment : a Manual of Practical 
Dentistry for Students and Practitioners. By MORTON SMALE, M. R.C.S., 
L.S. A, L.D.S., Dental Surgeon to St. Mary*s Hospital, Dean of the School, 
Dental Hospital of London, &c ; and J. F. COLYER, L.R.C.P., M.R.C.S., 
If.D.S., Assistant Dental Surgeon to Charing Cross Hospital, and Assistant 
Dental Surgeon to the Dental Hospital of London. With 334 Illustrations. 
Large Crown 8vo, i^. 



SMITH (H. R). THE HANDBOOK FOR MIDWIVES. By 
HENRY FLY SMITH, B.A., M.B. Oxon., M.R.C.S. Second Edition. 
With 41 Woodcuts. Crown 8vo, price 51. 
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A.y.D., laie Professor qf Veterinary Science and PrincipeU of Bombay Vettrinmry 
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A TREATISE ON THE DISEASES OF THE DOG; being a 
Manual of Canine Pathology. Especially adapted for the use of Veterinary 
Practitioners and Students. 88 Illustrations. 8vo, lor. dd, 

A TREATISE ON THE DISEASES OF THE OX ; being a 
Manual of Bovine Pathology. Especially adapted for the use of Veterinary 
Practitioners and Students. 2 Plates and 117 Woodcuts. 8vo, 15/. 

A TREATISE ON THE DISEASES OF THE SHEEP; being 
a Manual of Ovine Pathology for the use of Veterinary Practitioners and 
Students. With Coloured Plate, and 99 Woodcuts. 8vo, I2f. 

OUTLINES OF EQUINE ANATOMY; a Manual for the use of 
Veterinary Students in the Dissecting Room. Crown 8vo, 71. 6</. 



"8TONEHENGE." THE DOG IN HEALTH AND DISEASE. 

By " STONEHENGE. " With 84 Wood Engravings. Square crown 8vo, 1$. 6d. 



PUBLISHED BY LONGMANS, GREEN &* CO. 9 

THORNTON. HUMAN PHYSIOLOGY. By JOHN THORNTON. 
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WALLER. AN INTRODUCTION TO HUMAN PHYSIOLOGY. 

By AUGUSTUS D. WALLER, M.D., Lecturer on Physiology at St- Mary's 
Hospital Medical School, I^ndon ; late External Examiner at the Victorian 
University. Second Edition, Revised. With 305 Illustrations. 8vo, i8j. 



WEICHSELBAUM. THE ELEMENTS OF PATHOLOGICAL 
HISTOLOGY, With Special Reference to Practical Methods. 
By Dr. ANTON WEICHSELBAUM. Professor of Pathology in the 
University of Vienna. Translated by W. R. DAWSON, M.D. (Dub.), 
Demonstrator of Pathology in the Royal College of Surgeons, Ireland, late 
Medical Travelling Prizeman of Dublin University, &c. With 221 Figures, 
partly in Colours, a Chromo-Iithographic Plate, and 7 Photographic Plates. 
Royal 8vo, 215. net. 



WILKS AND MOXdN. LECTURES ON PATHOLOGICAL 
ANATOMY. By SAMUEL WILKS, M.D., F.R.S., Consulting Physician 
to, and formerly Lecturer on Medicine and Pathology at, Guy's Hospital, and 
the late WALTER MOXON, M.D., F.R.C.P., Physician to, and some time 
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vised. By SAMUEL WILKS, M.D., LL.D., F.R.S. 8vo, i8j. 
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TOGAMIC BOTANY. By A. W. BENNETT, M. A., B.Sc, F.L.S., 
and GEORGE R. MILNE MURRAY, F.L.S. With 378 lUustratioiis. 
8vo, i6j. 

CARNEGIE. LAW AND THEORY IN CHEMISTRY: A COM- 
panion Book for Students. By DOUGLAS C ARNEGIE,sometimeScholar and 
Demonstrator in Chemistry of Gonville and Caius, Cambridge. Crown 8vo, 6f. 



CLERKE. THE SYSTEM OF THE STARS. By AGNES M. 
CLERKE, Author of "A History of Astronomy during the Nineteenth 
Century." With 6 Plates and Numerous Illustrations. 8vo, 2ij. 



GLOQD.-' WORKS by EDWARD CLODD, Author of' The Childhood 
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THE STORY OF CREATION. a Plain Account of Evolution. 

With 77 Illustrations. Crown 8vo, y, 6d. 
A PRIMER OF EVOLUTION : being a Popular Abridged Edition of 

"The Story of Creation." With Illustrations. Fcp, 8vo, u. tcL 



CROOKE8. SELECT METHODS IN CHEMICAL ANALYSIS 
(chiefly Inorganic). By W. CROOKES, F.R.S., V.P.C.S., Editor of 
"The Chemical News." Third Edition, re- written and enlarged. Illus- 
trated with 67 Woodcuts. 8vo, 21J. tut. 



CULLEY. A HANDBOOK OF PRACTICAL TELEGRAPHY. 
By R. S. CULLEY, M.I.C.E., kte Engineer-in-Chief of Telegraphs to the 
Post Office. With 135 Woodcuts and 17 Plates, 8vo, its. 



GANOT. ELEMENTARY TREATISE ON PHYSICS ; 
Experimental and Applied, for the use of Colleges and Schools. Translated 
and edited from Ganot's EUments de Physique (with the Author's sanction) 
by E. ATKINSON, Ph.D., F.C.S., formerly Professor of Experimental 
Science, Staff College, Sandhurst Fourteenth Edition, revised and enlarged, 
with 9 Coloured Plates and 1,028 Woodcuts. Large crown 8vo, 15^. 
NATURAL PHILOSOPHY FOR GENERAL READERS 
AND YOUNG PERSONS ; Being a Course of Physics divested 
of Mathematical Formulae, and expressed in the language of daily life. 
Translated from Ganot*s Cours de Physique (with the Author's sanction) by 
E. ATKINSON, Ph.D., F.C.S. Seventh Edition, carefully revised; with 37 
pages of New Matter, 7 Plates, 569 Woodcuts, and an Appenduc of Questions. 
Crovm 8vo, ^s. 6d, 
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GOODE\/E.— lVOBKS by T. M. GOODEVE, M.A., Barrisier-at' 

Laiw; Pvo/tuor of Mechanics at the Norm«U School of Science and the Royal School of 
Mines, 

PRINCIPLES OF MECHANICS. New Edition, rewritten and 
enlarged. With 353 Woodcuts and numerous Examples. Crown 8vo, ds. 

THE ELEMENTS OF MECHANISM. New Edition, re-written 
and enlarged. With 342 Woodcuts. Crown 8vo, dr. 

A MANUAL OF MECHANICS : an Elementary Text-Book for 
• Students of Applied Mechanics. With 138 Illustrations and Diagrams, and 

141 Examples taken from the Science Department Examination Papers, with 

Answers. Fcp. 8vo, zr. ddU 

WEXMHOVJl..— WORKS by HERMANN L, F. HELMHOLTZ, 

M.D., Professor of Physics in the University of BerUn. 

ON THE SENSATIONS OF TONE AS A PHYSIOLOGICAL 
BASIS FOR THE THEORY OF MUSIC. , Second EngUsh 
Edition ; with numerous additional Notes, and a new Additional Appendix* 
bringing down information to 1885, and specially adapted to the use of 
Musical Students. By ALEXANDER J. ELLIS, B.A., F.R.S., F.S.A.» 
&C., formerly Scholar of Trinity College, Cambridge. With 68 Figures 
engraved on Wood, and 42 Passages in Musical Notes. Royal 8vo, 28j. 

POPULAR LECTURES ON SCIENTIFIC SUBJECTS. With 
68 Woodcuts* 2 Vols, crown 8vo, 3/. 6d, each. 



HERSCHEL. OUTLINES OF ASTRONOMY. By Sir JOHN F. 

W. HERSCHEL, Bart., K.H., &c.. Member of the Institute of France. 
Twelfth Edition, with 9 Plates, and numerous Diagrams. 8vo, 12/. 



HUDSON AND GOSSE. THE ROTIFERA OR 'WHEEL 

ANIMALCULES.' By C. T. HUDSON, LL.D., and P. H. GOSSE, 
F.R.S. With 30 Coloured and 4 Uncoloured Plates. In 6 Parts. 4to, price 
lor. 6d. each ; Supplement, 12s, 6d, Complete in Two Volumes, with 
Supplement, 4to, £^ 4^. 

*»* The Plates in the Supplement contain figures of almost all the Foreign 
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KOLBE. A SHORT TEXT-BOOK OF INORGANIC CHE- 
MISTRY. By Dr. HERMANN KOLBE, late Professor of Chemistry 
in the University of Leipzig. Translated and Edited by T. S. HUM- 
PIDGE, Ph.D., B.Sc. (Lond.), late Professor of Chemistry and Physics in 
the University College of Wales, Aberystwyth. New Edition. Revised by 
H. Lloyd-Snape, Ph.D., D.Sc. (Lond.), Professor of Chemistry in the Uni- 
versity College of Wales, Aberystwyth. With a Coloured Tibbie of Spectra 
and 66 Woodcuts. Crown 8vo, 8j. 6d. 
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ELEMENTS OF PHYSIOLOGICAL PSYCHOLOGY: A 
TREATISE OF THE ACTIVITIES AND NATURE OF 
THE MIND FROM THE PHYSICAL AND EXPERI- 
MENTAL POINT OF VIEW. With 113 lUuslraUons. 8vo, price 21 j. 

PSYCHOLOGY, DESCRIPTIVE AND EXPLANATORY: A 
Treatise of the PbenomeDa, Laws, and Development of Human Mental Life. 
8vo. 2 1 J. 

OUTLINES OF PHYSIOLOGICAL PSYCHOLOGY. With 

numerous Illustrations. 8vo. 12s, 

PHILOSOPHY OF MIND : an Essay on the Metaphysics of Psychology. 
8vo, i6j. 

LARDEN. 'electricity FOR PUBLIC SCHOOLS AND 

COLLEGES. With numerous Questions and Examples with Answers, 
and 214 Illustrations and Diagrams. By W. LARDEN, M. A Crown 8vo, dr. 



LINDLEY AND MOORE. THE TREASURY OF BOTANY. 
OR POPULAR DICTIONARY OF THE VEGETABLE 
KINGDOM : with which is incorporated a Glossary of Botanical Terms. 
Edited by J. LINDLEY, M.D., F.R.S., and T. MOORE, F.L.S. \MU 
20 Steel Plates, and numerous Woodcuts. 2 Parts, fcp. 8vo, price t2s. 



MARTIN. NAVIGATION AND NAUTICAL ASTRONOMY. 
Compiled by Staff-Commander W. R. MARTIN, R.N., Instructor in 
Surveying, Navigation, and Compass Adjustment ; Lecturer on Meteorology 
at the Royal Naval College, Greenwich. Sanctioned for use in the RojraJ 
Navy by the Lords Commissioners of the Admiralty. Royal 8vo, i8f. 



MENDELfeEFF. THE PRINCIPLES OF CHEMISTRY. By 

D. MENDELfiEFF, Professor of Chemistry in the University of Sl 
Petersburg. Translated by GEORGE KAMENSKY, A.R.S.M. of the 
Imperial Mint, St. Petersburg, and Edited by A. J. GREENAWAY, F.I.C., 
Sub-Editor of the Journal of the Chemical Society. With 97 Illustrations. 
2 Vols. 8vo, 36J. 

MEYER. OUTLINES OF THEORETICAL CHEMISTRY. 

By LOTHAR MEYER, Professor of Chemistry in the University of Tiibin- 
gen. Translated by Professors P. PHILLIPS BEDSON, D.Sc, and W. 
CARLETON WILLIAMS, B.Sc. 8vo, 9^. 
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MITCHELL MANUAL OF PRACTICAL ASSAYING. By 
JOHN MITCHELL, F.C.S. Sixth Edition. Edited by W. CROOKES^ 
F.R.S. With 201 Woodcuts. 8vo, 3IJ. 6</. 



MORGAN. ANIMAL BIOLOGY. An Elementary Text Book. By 
C. LLOYD MORGAN, Principal of University College^ Bristol. With 
numerous Illustrations. Crown 8vo, &f. 6</. 



MUIR. THE ALCHEMICAL ESSENCE AND THE CHEMICAL 
ELEMENT : an Episode in the Quest of the Unchanging. By M. M. PATTI- 
SON MUIR, Fellow of Gonville and Caius College, Cambridge. 8vo. 4J. &/» 



ODLING. A COURSE OF PRACTICAL CHEMISTRY, Arranged 

for the use of Medical Students, with express reference to the Three Months^ 
Summer Practice. By WILLIAM ODLING, M.A., F.R.S. With 71 
Woodcuts. Crown 8vo, 6j. 



OSTWALD. SOLUTIONS. By W. OSTWALD, Professor of Chemistry 
in the University of Leipzig. Being the Fourth Book, with some additions, 
of the Second Edition of Ostwald's "Lehrbuch der Allgemeinen Chemie.'* 
Translated by M. M. PATTISON MUIR, Professor of Gonville and Caius 
College, Cambridge. 8vo, \os, 6d, 



PAYEN. INDUSTRIAL CHEMISTRY; A Manual for use in Tech^ 
nical Colleges or Schools, also for Manufacturers and others, based on a 
Translation of Stohmann and Engler's German Edition of Payen's Prkis de 
Chimit IndustrielU, Eldited and supplemented with Chapters on the Chemistry 
of the Metals, &c., by B. H. PAUL, Ph.D. With 698 Woodcuts. 8vo, 42^. 



REYNOLDS. EXPERIMENTAL CHEMISTRY for Junior Students. 
By J. EMERSON REYNOLDS, M.D., F.R.S., Professor of Chemistry, Univ. 
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NOMY. 

Proctor and A. Cowper 
Ranyard. With 31 Plates and 
472 Illustrations. Text. 4to, 2ix. 

LIGHT SCIENCE FOR 
LEISURE HOURS; Familiar 
Essays on Scientific Subjects, 
Natural Phenomena, &c. 3 Vols, 
crown 8vo, $s. each. 

THE ORBS AROUND US ; a 
Series of Essays on the Moon and 
Planets, Meteors, and Comets. 
With Chart and Diagrams, crown 
8vo, 5j. Cheap Edition, crown 
8vo, y, 6d. 

OTHER WORLDS THAN 
OURS ; The Plurality of Worlds 
Studied under the Light of Recent 
Scientific Researches. With 14 
Illustrations, crown 8vo, 5^. 
Cheap Edition, crown 8vo, 3^. 6d. 

THE MOON ; her Motions, As- 
pects, Scenery, and Physical 
Condition. With Plates, Charts, 
Woodcuts, and Lunar Photo- 
graphs, crown 8vo, ss, 

UNIVERSE OF STARS; Pre- 
senting Researches into and New 
Views respecting the Constitution 
of the Heavens. With 22 Charts 
and 22 Diagrams, 8vo. 10^. 6d^. 

LARGER STAR ATLAS for 
the Library, in 12 Circular Maps, 
with Introduction and 2 Index 
Pages. Folio, 15J., or Maps 
only, I2J. 6ti, 

NEW STAR ATLAS for the 
Library, the School, and the Ob- 
servatory, in 12 Circular Maps 
(with 2 Index Plates). Crown 
8vo, 5j. 

THE STUDENT'S ATLAS. 
In 12 Circular Maps on a Uni- 
form Projection and i Scale, 
with 2 Index Maps. Intended as 
a vade-mecum for the Student 
of History, Travel, Geography, 
Geology, and Political Economy. 
With a letter-press Introduction 
illustrated by several cuts. ^r. 



ELEMENTARY PHYSICAL 
GEOGRAPHY. With 33 Maps 
and Woodcuts. Fcp. 8vo, is, &/. 

LESSONS IN ELEMENTARY 
ASTRONOMY ; with Hints for 
Young Telescopists. With 47 
Woodcuts. Fcp. 8vo, u. 6d, 

EASY LESSONS IN THE 
DIFFERENTIAL CALCU- 
LUS : indicating from the Outset 
the Utility of the Processes called 
Differentiation and Intention. 
Fcp. 8vo, 2J. 6d. 

THE STARS IN THEIR SEA- 
SONS. An Ea^ Guide to a 
Knowledge of the Star Groups, in 
12 Large Maps. Imperial 8vo, ^r. 

STAR PRIMER. Showing the 
Starry Sky Week by Week, in 24 
Hourly Maps. Crown 4to, 2s, 6d. 

ROUGH WAYS MADE 
SMOOTH. Familiar Essays 
on Scientific Subjects. Crown, 
3J. 6^. 

HOW TO PLAY WHLST: 
WITH THE LAWS AND ETI- 
QUETTE OF WHIST. Crown 
8vo, y. td, 

HOME WHIST : an Easy Guide 
to Correct Play. i6mo, u. 

OUR PLACE AMONG INFI- 
NITIES. A Series of Essays 
contrasting our Little Abode in 
Space and Time with the Infini- 
ties around us. Crown 8vo, 5/. 

STRENGTH AND HAPPI- 
NESS. Crown 8vo, 5/. 

STRENGTH: How to get Strong 
and keep Strong, with Chapters 
on Rowmg and Swimming, Fat, 
Age, and the Waist. With 9 Il- 
lustrations. Crown 8vo, 2J. 
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THE EXPANSE OF HEAVEN. 
Essays on the "Wonders of the 
Firmament. Crown 8vo, 5/. 
Cheap Edition, crovm 8vo, 3^. 6d. 

THE GREAT PYRAMID, OB- 
SERVATORY, TOMB, AND 
TEMPLE. With Illustrations. 
Crown 8vo, $s, 

PLEASANT WAYS I N 
SCIENCE. Crown 8vo, 5J. 
Cheap Edition, crown 8vo, y, 6d. 

MYTHS AND MARVELS OF 
ASTRONOMY. Crown 8vo,qx. 
Cheap Edition, crown 8vo, 31. 6d. 



CHANCE AND LUCK ; a Dis- 
cussion of the Laws of Luck, 
Coincidences, Wagers, Lotteries, 
and the Fallacies of Gambling, 
&C. Crown 8vo, 2s. boards, 
2s. 6d. cloth. 

NATURE STUDIES. By 
Grant Allen, A. Wilson, 
T. Foster, E. Clodd, and 
R. A. Proctor. Crovm 8vo, cr. 
Cheap Edition, crown 8vo, 3^. &. 

LEISURE READINGS. ByE. 
Clodd, A. Wilson, T. Foster, 
A. C. RuNYARD, and R. A. 
Proctor. Crown 8vo, Sr. 



SLINGO AND BROOKER. ELECTRICAL ENGINEERING 
FOR ELECTRIC-LIGHT ARTISANS AND STUDENTS. 
(Embracing those branches prescribed in the Syllabus issued by the City and 
Guilds Technical Institute.) By W. SLINGO and A. BROOKER. With 
346 Illustrations. Crown 8vo, 12s, 



SMITH. GRAPHICS; OR, THE ART OF CALCULATION 
BY DRAWING LINES, applied to Mathematics, Theoretical Me- 
chanics and Engineering, including the Kinetics and Dynamics of Machinery, 
and the Statics of Machines, Bridges, Roofs, and other Engineering Structures. 
By ROBERT H. SMITH, Professor of Civil and Mechanical Engineering, 
Mason Science College, Birmingham. 

Part I. Text, with separate Atlas of Plates— Arithmetic, Algebra, 
Trigonometry, Vector, and Locor Addition, Machine Kinematics, and Statics 
of Flat and Solid Structures. 8vo, 15J. 



80RAUER. A POPULAR TREATISE ON THE PHYSIOLOGY 
OF PLANTS. For the Use of Gardeners, or for Students of Horticulture 
and of Agriculture. -By Dr. PAUL SORAUER, Director of the Experimental 
Station at the Royal Pomological Institute in Proskau (Silesia). Translated 
by F. E. WEISS, B.Sc., F.L,S., Professor of Botany at the Owens CoUege, 
Manchester. With 33 Illustrations. 8vo, gs, net. 



THORPE. A DICTIONARY OF APPLIED CHEMISTRY. 
By T. E. THORPE, B.Sc. (Vict), Ph.D., F.R.S., Treas. C.S., Professor of 
Chemistry in the Royal College of Science, London. Assisted by Eminent 
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VoL III. £3 y. 
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SOUND. With 204 Woodcuts. Crown 8vo, lOf. 6d. 
RESEARCHES ON DIAMAGNETISM AND MAGNE-CRYS- 

TALLIC ACTION, including the question of Diamagnetic Polarity. 

Crown 8vo, 12s. 
ESSAYS ON THE FLOATING-MATTER OF THE AIR 

in relation to Putrefaction and Infection. With 24 Woodcuts. Crown 8vo, 

7s. 6d. 
LECTURES ON LIGHT, delivered in America in 1872 and 1873. 

With 57 Diagrams. Crown 8vo, 5^. 
LESSONS IN ELECTRICITY AT THE ROYAL INSTITU- 

TION, 1875-76. With 58 Wdodcuts. Crown 8vo, 2s. 6d. 
NOTES OF A COURSE OF SEVEN LECTURES ON 

ELECTRICAL PHENOMENA AND THEORIES, delivered at 

the Royal Institution. Crown 8vo, is, 6d, 

NOTES OF A COURSE OF NINE LECTURES ON LIGHT, 

delivered at the Royal Institution. Cxoym 8vo, is. 6d, 
YhRKDKY AS A DISCOVERER. Crown 8vo, 31. 6d. 



WATTS' DICTIONARY OF CHEMISTRY. Revised and entirely 
Re-written by H. FORSTER MORLEY, M. A, D.Sc., Fellow of, and lately 
Assistant-Professor of Chemistry in, University College, London ; and M. M. 
PATTISON MUIR, M.A., F.R.S.E., Fellow, and Praelector in Chemistry, 
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WEBB. CELESTIAL OBJECTS FOR COMMON TELESCOPES. 

By the Rev. T. W. WEBB, M. A., F.R.A.S., Vicar of Hardwick, Hereford- 

shire. Fifth Edition, Revised and greatly Enlarged by the Rev. T. E. 

ESPIN, M. A., F. R. A. S- (Two Volumes. ) 
Vol. I. With Portrait and a Reminiscence of the Author, 2 Plates, and 

numerous Illustrations. Crown 8vo, 6s. 
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WRIGHT. OPTICAL PROJECTION : A Treatise on the Use of the 
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